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I. INTRODUCTION 


The demanding requirements for pump performance and efficiency 
in recent aeronautics and space applications have highlighted the 
need for more accurate knowledge of flow conditions in centrifugal 
and disk pumps. Specifically there is need for better estimation 
of shear stresses and pressure distributions for the flow between 
impeller disk and housing in order to obtain better estimates of 
power losses and axial thrust. Knowledge of axial thrust is required 
in designing bearings for the impeller. Cooper [1] has in fact 
shown that for small centrifugal pumps having specific speeds under 

500, the retarding torque due to impeller rotation ("disk friction") 

! 

is by far the largest source of power loss in such a pump. 

Due to the imperfection of shaft seals, there tends to be 
leakage from the exit of the impeller through the region between 
the impeller and housing, and out past the shaft seals. This leak- 
age flow may have significant effect on the disk friction of the 
impeller and on the pressure distribution in the region between 
impeller and housing. It is exactly these effects of leakage that 
are investigated in the present study. 

More specifically, the flow problem treated herein is that 
between two infinite disks, one of which is stationary and the other 
rotating with inflow through the narrow gap between them. This 
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inflow is assumed to leave at the axis of rotation. The assumption 
of infinite disks precludes the consideration of any end effects. 

The basic flow configuration is as follows: The rotating disk 

imparts rotation to the fluid leading to a distribution of angular 
velocity from the rotating disk value at the disk to zero at the 
stationary wall. The pressure in the narrow gap is centrifugally 
generated and its magnitude depends on the effective average angular 
velocity of the flow field. The pressure tends to be a function of 
radius only and independent of axial position in the narrow gap. 

The angular velocity of the fluid near the rotating disk is above 
the effective average and hence the fluid near the rotating disk is 
thrown radially outward. On the other hand, fluid close to the 
stationary wall has a smaller angular velocity than the effective 
average so that it flows radially inward. These secondary flows 
are modified somewhat by the inflow due to leakage. 

This inflow has significant angular momentum gained in the 
impeller. As it flows inward it imparts its angular momentum to the 
surrounding fluid which in turn rotates faster, so that the effect 
of inflow is to change the velocity distributions in the gap be- 
tween the rotating disk and the wall. This azimuthal speeding up 
of the flow between the two disks tends to reduce the shear stresses 
on the rotating disk and increase the shear stresses on the wall. 

It is the objective of this study to assess quantitiatively this 
effect of leakage as well as the influence of leakage on the 
velocity and temperature distributions in the fluid. 
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The flow between ithe disk and the wall is laminar in the 
vicinity of the axis of rotation and then becomes turbulent beyond 
the radius where the flow undergoes transition. In this study only 
the laminar region is investigated. Although the laminar flow 
analysis applies directly to only a portion of the flow system, it 
will suffice to demonstrate the effects of inflow and also provide 
the base solution for constructing solutions in the transition and 
turbulent regimes. 


Previous Investigations 

There have been numerous studies of the flow between two 
rotating disks but comparatively few of them have included inflow. 
The studies with inflow have been either by momentum integral methods 
or by approximate solution of the Navier-Stokes equations. 

The earliest study of the problem with inflow was undertaken 
by Jimbo [2] for turbulent flow using a momentum integral method. 
Jimbo ignored the axial variation of azimuthal velocity as well as 
the effect of inflow on the secondary flow pattern. He estimated 
the radial pressure gradient with the aid of friction factors 
obtained from Schultz-Grunow [3]. Jimbo’s calculated values show 
the trends observed in his experiments and led him to conclude that: 
(a) the variation of tangential velocity with radius does not change 
with clearance; (b) the pressure distribution with radius for a 
given leakage is independent of clearance, and (c) the power loss 
due to skin friction decreases as the leakage flow rate increases. 
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This momentum integral approach is fast but somewhat suspect due to 
the lack of flow details in the gap. 

Among the studies based on approximate solution of the Navier- 
Stokes equations, Makay and Trumpler [4] have investigated the 
present problem for laminar flow with leakage, emphasizing the 
departure from the solution for Reynolds number zero. They formed 
a non-linear integral equation and solved it by a Fredholm integral 
technique which strictly speaking is applicable to linear problems. 
The solution to the non-linear inertia terms as known from the prior 
iteration. They solved for a rather limited range of gap width, 
namely up to 5 = 3.578 (or gap-width Reynolds number of 3.578). 

The class of solution procedure leading to the one used herein 
is that of linearization. An early example of such a procedure is 
that of Soo [5]. A meridional stream function is constructed adding 
an inflow term to the expression for streamfunction without inflow. 
This is substituted into the boundary layer equations and solutions 
obtained for small inflow (or outflow) by expansion about the con- 
ditions for zero gap-width Reynolds number. Soo's work although 
deficient because of assuming equal shear stresses on both the 
rotating and stationary disks, sheds light on the recirculation of 
flow between the disks and on the effects of inertia. 

The linearization scheme of the present paper is essentially 
due to an expansion of the meridional stream function in the form 
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\J/ £ (£J ^(z). This approach was first used by Savage 

[6] to solve the problem of inflow between two stationary disks. 
Subsequently Peube and Kreith [7] used this expansion procedure for 
the case in which both disks are rotating at the same angular 
velocity. Their solution indicated the explicit appearance of the 
amount of inflow in coefficients of up to the second order terms. 

The higher order functions of z are more complicated in that the 
flow rate appears implicitly; but fortunately, the higher order terms 
tend to be small. Kreith and Viviand [8], using this procedure, 

found solutions with inflow between a rotating and stationary disk, 
but because they also used series expansion about the solution for 
zero gap-width Reynolds number, their solutions are limited to 
gap-width Reynolds numbers of the order of one. 


Present Study 

The procedure of the present study of inflow between a rotating 
and a stationary disk is that of an expansion about the exact 
similarity solution without inflow of Reshotko and Rosenthal [9] 
valid for arbitrary gap-width Reynolds number. The zero order system 
of equations [9] in this instance is non-linear but the equations of 
the subsequent orders are linear. The asymptotic expansion scheme 
of Peube and Kreith [7] is used and as with Peube and Kreith [7] and 
Kreith and Viviand [8], the inflow rate appears explicitly as a 
coefficient in the first two perturbation orders while it appears 
implicitly in the differential equation for higher perturbation 
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orders. The solution herein is carried only through the first two 

) 

orders of perturbation. The zeroth order solution procedure used 
herein is that developed by Cooper [10] for the laminar region in 
his concurrent study of the laminar, transitional and turbulent 
flow between rotating and stationary disks without inflow. 

The present analysis also includes study of the heat generation 
and temperature distribution between the disks. For Prandtl number 
one, an energy integral is obtained which relates the temperature 
distribution to the velocity distribution regardless of Reynolds 
number very much as Reshotko and Rosenthal [9] have done for the 


case of zero inflow. 



II. GOVERNING EQUATIONS 


This problem of rotating disks is best treated by solving 
governing equations in a cylindrical co-ordinate system (^Q^Z) . 
As shown in figure 1, the disk in the plane 2-0 is rotating with 
angular velocity JQ, , and the gap width between this and the sta- 
tionary disk is 5 . The symbols, u, v, w represent velocities in 
radial, azimuthal and axial directions respectively. 

Continuity 

3 3(w X) 0 (2-1.) 
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Assumptions ; 

The fluid model chosen is that of an incompressible, constant 
property, Newtonian fluid. Body forces are neglected. The disks 
are impermeable, so fluid yelocities normal to the disks are zero 
and the no slip condition is satisfied at the disks. The flow is 


steady and axisymmetric 
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Non-dimens ionalizat ion; 

The steady, axisymmetric Navier-Stokes equations and the 
energy equation for a constant property fluid are non-dimens ionali zed 
with respect to characteristic reference quantities. The reference 
quantities chosen (as from Peube-Kreith [7]) are as follows: 

L %ef — J V/l lX%ef = J 

yui-f — fX fi Tyzef = Tw 

So that the non-dimensional equations are 
Continuity 

djUX) rr 0 

Momentum 
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Energy Equation 
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Groups of flow parameters which occur in the energy equation, can 
be put in the form of known non-dimensional numbers 


fcv 

K 


= Prandtl number 


CTxef 


= Eckert number/,, , , , 

Reynolds number 
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Bo undary Conditions 

The wall and the disk are impermeable and the no slip condition 
is satisfied on them. The rotating disk is thermally insulated , 
while the stationary disk is cooled and kept at constant temperature. 
The boundary conditions accordingly are: 


o 

11 

o 

0 

1! 

in 

3 

(2-10) 

W(o) = o 

U/(s) = 0 

(2-11) 

V(o) = * 

< 

-—V 

V) 

11 

O 

(2-12) 

U(°)=° 

T(s) - 1 

(2-13) 


An additional condition comes from the leakage. If is the 
amount of leakage, then: 

Q = J 2 .TT 31 Zi dz. 
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= 2 .VXv$v/a_ Judz 


or 


Q 


Z 77v 


-==. -Jlf U dz. 

fik / 


with ^ ref defined 

Qref = 2 77 V Jtyl 


as : 
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Then the leakage condition is 



( 2 - 14 ) 


where Q = Q/Q re f For inflow Q is negative. 

For constant property flow, the continuity and momentum 
equations are independent of the energy equation. Once they are 
solved and the flow field known, the temperature distribution can 
be determined by solving the energy equation. Accordingly, the 
flow field will be considered first and the thermal considerations 


left for later. 



III. SOLUTION OF THE FLOW FIELD 

The velocity and the pressure distributions are obtained by 
solving the momentum and continuity equations. Von Karman has 
shown that the different components of the velocity in laminar 
flow, generated by a rotating disk are of following form: 

u = X ,fr '(z) 

V = X Q Cz) 

(3-1) 

W - -2FO) 

This form of solution transforms the momentum equations into 
ordinary differential equations and satisfies continuity. The above 
form has been successfully used by Reshotko & Rosenthal [ *3 ] and 
also by Cooper [ 10 ] , to find the velocity field between rotating 
and stationary disks, without inflow. A modified expansion scheme 
is required, however, to incorporate inflow into the solution. 

Peube and Kreith [T ] have suggested a method of solving the problem 
with inflow, by expanding the velocity field in terms of , 

with relations (3-1) providing the first terms in the expansions. 
Their expressions for the velocity components are as follows: 
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'll - 9t j-'-f JjV f' -v V*"" 

v - ' 9z ^ 0 ' f % + + ^ 3 /^+ + ^/^'' ( 

W = - 2 £ - ^A+ z fs/&+ — +( ‘ t '' ,) fn I > 


(3-2) 


With the coefficients -%s and assumed to be functions of both 

Z and Q. After substituting these into the momentum equations, 
Peube and Kreith [7] observed that for all Q 


a z)=j- 3 cz)= = = o 

^(z)= %(X) = =|£z) =• 0 


They solved the special case of the disks and the enclosed fluid 
rotating at the same azimuthal velocity. They obtained a set of 
ordinary differential equations with constant coefficients, which 
they solved analytically. The form of the solution suggests that 
it is possible to separate Xi and in terms of Q and functions 
of Z up to ^ ’ ^4 but f° r higher order equations Q appears as a 

parameter in them. So solution functions which are independent of 
Q, can only be obtained up to order . This expansion was also 

used by Kreith and Viviand [8] for finding the velocity field 
between two rotating disks, with Taylor number ( )<^4 * They 
have solved for J^(Z.) and z.) by series expansion. The 

technique is applicable here as well. 
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The modified series for the velocity field appropriate 
to the present problem are therefore: 


oo t 

« = * F. ‘ ' + (Six) F, + (Ffyf) FJ+ I «-» 


— Jz^-t 


Co 


V = * <J. + (®A) 0; f (^A 3 ) Q, + z 

1*1=3 AC 




(3-4) 


In which F , F. , F_, G , G, , G„ are function of Z alone, 
o 1 2 o 1 2 

A stream function can be defined which will satisfy the 
continuity equation. 


X IL 


3Z 


X W 




so 


r = ^ 2. 










and therefore 


~2_ oo 

W = -2 ^ + ( ft ) fl' 2 Za-') ^ fe<?; 




(3-5) 
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Boundary conditions corresponding to these expansions can be 
found from (2-10, 2-11, 2-12, 2-14): 


( 


F h (o) = 0 j T\-CX,i,2 






(3-6) 


fj(s) =. o j 
E'fiW - o' 5 


(3-7) 




G n C*) =Oi 0 -' J * 2 


- oo 


CO 
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t;Co,Q) = o; ™ = 3A— 00 

E(SJ = O; ff(s)= OX.b\bia*yJ l=(s) = o 


g (s,<?) = Oj m = 3,4, 


c>o 


(3-8) 


(3-9) 


(3-10) 


(3-11) 
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F^(o) and F^(s) are not exactly arbitrary their difference 
being fixed by the leakage condition (2-14) 


u cLt 


J9 

n 


(2-14) 


O 


or 


/ If (Z) <7z = i 


As only the difference between F^(o) and F^(s) is important, 
it is assumed that 


lf(o) - 0 




(3-12) 


The solutions will be obtained through the first three terms 
of each function (F q , F^, F^; G q , G^, G ^) , since only these 
functions are independent of the parameter Q. The validity of this 
truncation will be discussed with the results. The equations for 
the F^'s and G^’s are obtained by substituting the expression for 
the velocities (3-3, 3-4, 3-5) into the momentum equations (2-6, 

2-7, 2-8). Thus equations of different orders are obtained by 
setting the coefficients of different powers of % , equal to zero. 


For azimuthal equation (2-7) : 
y\~o C9z. f ) 

2 F 0 G{ 0 ~ 2. Qo ^ Q* 


(3-13) 
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7 i- ij (jnr 1 ) 





(3-14) 


T\~ (Jl' 3 ) 

26 '<5. + ZF x Qj- Z-C,^- ZC,^J = G/ 


(3-15) 


The expansion resulting from the radial momentum equation (2-6) 
can be found in the same way. Again, the radial momentum equation 


is : 


u 


2U 

2s7t 


+ W 


3U 

3Z 


N/?-^ - , J3V_L ?cuid \ 

yi g>7* 3z j ^ / 


( 2 - 6 ) 


Substituting the velocity expressions into this equation yields 




7» =o 2- 


- s,u - i Q " f; /( 

>1 -a 

+ i €(" 4 (n-i)C2-*) F„'j 

Yl~l 


This expression suggests that the pressure "p" has 


following form: 
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P « i^hvC-z) + q e» Ui) </z.) -t ($y^) £ x (z)+- -- 


The system of equations obtained from the radial momentum equation 

are : - ; • . 1 ‘ 

7)-0j O D 

g'-ZF.E*-^ = -z«.+ rj“ (3-i6) 


TV = i j (K‘ i ) 


-ZF a F"-Z(j e G l = -^,tF 


H/ 


r\=2j (*' 3 ) 

l^~ 2. 


r//. 


■FT - C-2 5'f 0 , + 2F.F/ / -2(3 1 G o - zrf 

= Zfh+g'" > : i> 

Substituting these expansions for the velocity field and the 
pressure in the axial momentum equation (2—8) then yields: 


(3-17) 


(3-18) 


O 2 -) 


< = o 


(3-19) 


(X°) 
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(3-20) 
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Now all the equations are arranged in systems, depending 
the power of radius: 

System It 


<5* 


rj z - i ftJ'-q* =-zh = +F, 


/// 


fii ■= ° 


V --zvJ-uffJ 


System 2: 
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The boundary conditions for the above systems are: 
System 1 : 



5 

F 0 ( £ ) 2 = e> 

E'o) - D 

3 

F 0 ' 6) = o 

Goto - * 

3 

Q.<0 =o 

System 2: 

F (o) “0 
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tl 

0 

« 
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System 3: 

F CO) - o 
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5 
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— D 

} 

=o 

q z (o) - o 

) 

~ o 


This then is a mathematically well posed problem to be solved 
numerically. The pressure will be determined only within a constant. 
This is of no importance since pressure difference is the significant 
quantity. The function *(z) represents the variation of the 
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pressure in the axial direction. 

Numerical Solution Procedure; , 

5 . j. 

System 1, represents the problem of flow between rotating and 
stationary disks , without leakage and it has been solved by many 
investigators, e.g. [ 1? 2^3, %h.O ] etc. The solution procedure for 
system 1 used in the present study has been taken from Cooper [10 ]. 

System 1 is a set of ordinary non-linear differential equations. 
This nonlinearity tends to bring numerical instability to the system. 
Cooper starts his numerical integration from both the stationary wall 
and rotating disk sides and matches them in the middle. The matching 
point is taken at 1/3 gap width from the stationary wall side. It 
has been observed that the integration process can go smoothly to 
larger distance from the rotating disk than from the wall. Solutions 
obtained from both sides are matched for their values and, for all 
the derivatives up to an order less than the order of the equations. 
These solutions require good guesses at the wall and the disk, 
especially at larger gap widths. Accurate guesses are generated by 
a different scheme for gap widths greater than 2 kffst . Here 
Cooper assumes a core angular velocity and shoots from both .sides 
up to the edges of assumed boundary layers. The guesses on the wall 
and the guesses are varied to attain this core angular velocity. 

These solutions are then tested for angular momentum matching. If 
they do not satisfy this matching condition, then the core angular 
velocity is perturbed and the same iteration scheme repeated. Once 
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the guesses at the wall and the disk are known, the previous pro- 
cedure of matching at a point is followed. 

A variable size grid is used. The grid is finer close to the 
boundaries and becomes coarser as one moves towards the center. Such 
a grid is essential as solutions are very sensitive to initial 
guesses and also large velocity gradients exist close to the bound- 
aries. Finer grid means smaller discretization error. The procedure 
for system 1 is given in detail by Cooper [10] . 

System 2 and system 3 are sets of linear ordinary differential 
equations, so superposition can be used. For solving these systems, 
the Adams-Moulton predictor-corrector method has been chosen. This 

i 

procedure requires the solutions at first 4 points for starting, 
which in turn are obtained by the Runge-Kutta method. To start the 
Runge- Kutta estimation, values of the functions and their derivatives 
at the initial point are needed. As the solution of one system 
provides coefficients for the differential equations of the sub- 
sequent system, the grid of system 1 has been retained. 

For the gap widths smaller than 10 , solutions of 

system 2 and 3 were obtained by starting the integration from the 
disk side and matching at the wall. This method is simpler as the 
number of guesses required at the disk and number of match con- 
ditions at the wall are only three. But this procedure fails for 
larger gap widths due to large accumulated errors. Hence this 
method was abandoned for another procedure in which integration is 
started from both sides and the solutions are matched inside the 
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region. This match point has been chosen on the basis that the 
solutions from both sides are of same order of magnitude. In this 
scheme the number of matched conditions is increased to 7 in system 
2 and 6 in system 3. The Adams-Moulton along with Runge-Kutta 
integration methods are used for forward marching from the rotating 
disk and backward marching from the stationary wall. The values of 
the functions and their derivatives up to one order less than the 
equations are required at the wall and the disk, to start the 
integration. Some of these are provided by the boundary conditions 
and remainder are guessed. 

System 2 is set of linear ordinary homogeneous differential 
equations with non-homogeneous boundary conditions. This system is 
solved by directly integrating the equations. Some of the starting 
conditions, provided by boundary-conditions, are as follows: 


fjYo) 2=r 0 

r’(0) =■ 0 V (3-23) ON DISK SIDE 

Q, (P) - 0 

- i 
= 0 


(3-24) ON WALL SIDE 
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The remaining conditions are: 

= ? Q/w = r <3 - 25 > 

£/o) - Constant (sj — C«nsf«^i" — F 

As (3-25) are not known, they are guessed and the solution calculated 
from both sides up to the match points. Each of these solutions are 
tentative as the guesses may not be exact. Solutions for different 
sets of guesses are combined by superposition. These Combined 
solutions from both sides are then matched by equating their values 

* ii 

and different derivatives. Specifically, values of F^, F^, F^, G^, 
Gp are matched and an additional condition at the wall F^(s) = 1, 
which arises due to nonhomogeneous boundary condition, is satisfied. 
There are seven matching conditions. So a set of seven solutions 
are needed, three from the rotating disk and four from the stationary 
wall. 

If x (i) are the constants used to combine the solutions and 
F^Ci, z), G^Ci, z) , "^(i, z) represents corresponding set of 
solutions . 
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Then: 

3 7 

t*J z ' 4 

£ *<o f; (t, z, ) = f. x(0 £ ft z,) 

£=•: 

ixw = i.X(t)F/ftz 5 ) 

-z-4 

X x<<) ftftz,) =■ Z x <^ft °" 26) 

*-i 

f>(Z) (5,'ftz,)- £.X«)^ftz) 

«sf t-4 

^ x(t) — 2 *(*) Vxjfaz) 

t* 1 tV4 

i XCO F} (os) — J 

t*4 

where is the position of match point. 

As seven solutions are needed, so 3 sets of guesses on the 
disk and 4 sets of guesses on the wall for (3-25) are made. The 
/ set of algebraic equations (3-26) is solved by the Gauss-Jordan 
method. Once these constants X(i) , 1*1,7 are known, the solution 
of system 2 is obtained by combining the different tentative 
solutions as follows: 


t 
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For disk side 

Fj(z) = 2 (*J Z ) 

Qj(z) — ^ xtfj <5i^ 2 ^ 

Z*J 

j 

3 

"K i - 2 X£L) .-faj (z ) 

'L-'i 


For wall side 

7 

ff (2) - X 

•*=4 

Q/z) - fl fyCb?) 

7^4 


OSZ^Z] 


Z 3 < Z < 5 


For system 3 a similar scheme has been used. As system 3 
is a noji-homogeneous set of linear ordinary differential equations 
with homogeneous boundary conditions, in principle it can be solved 
directly, if enough starting conditions are known. System 3 has 
been divided into two parts; one with non-homogeneous equations 
and enough homogeneous conditions to start the integration, and 
the second part consists of homogeneous equations with matching 
conditions as forced by the first part. So the linear combination 
of both the parts will satisfy all the boundary conditions of 


system 3. 



28 


The scheme is as follows: 

£ - + F ap 

^2. ^ "fta*. H- "^ap 

As "fq is a constant, so it can be assumed that total contribution 
to "ft 2 , comes from homogeneous part and 0 

The equations for the non-homogeneous part are: 



<4 


+2 f 2 ' f; + f / 2 - 

2F^c,.+2<*F Zf - Zr„C,' if ,-ZFjQ H 


( 3 - 27 ) 


Boundary conditions for this part are are follows: 


«■ 



( 3 - 28 ) 


= n/to = o 
V s) = ^r rs) " 0 


Integration up to the match point from both sides is carried 
out by the Adams-Moulton method in combination with the Runge-Kutta 



29 


procedure. The Runge-Kutta scheme is started with the help of 
(3-28) and (3-29) . Thus the solution of (3-27) is found. 

The equations for the homogeneous part are: 


2^=2 ^ )-2F a K 

-2. <ko 5zh 

- 2-f i'a* 

■fli. = o 




I (3-30) 




The boundary conditions for homogeneous part: 

(*,«>>- = o | 

<Tu.W " 6 


(3-31) 


s %L<?) = 0 1 
^ = 0 


(3-32) 


As the boundary conditions are not sufficient to start the 
integration, the following additional conditions are guessed: 
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Since the three guesses on the disk and wall sides are 
arbitrary, the solution obtained is only tentative. Hence three sets 
of guesses on the disk side and another three sets on the wall side 
are made. Solutions of system 3 in the disk field and in the wall 
field are obtained by taking a linear combination of these three 
solutions and adding the particular solution to it. The solutions 
in both the fields should match at the matching point. Quantities 


which are matched, are *. 



The details are as follows: 

If x(i) represents the constants, used for combining different 
solutions, and F 2h (i,z), G 2h (i,h), h 2 (i) the solution functions 
in both the fields, then the solutions are: 



(3-34) 


(3-35) 
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Solutions of system 3 are matched hy following conditions. 
Matching conditions; 


3 6 

Z. ^ 3) - 5 

^ — F /3T \ 

•xpp CZT|) 

^ / 6 . 

*" *'* - F4„ gw 


I XW f *(«te) - gfo 2,) = F^C?, ) 

-i; I ^ __ a 

<2fp (^0 

1.X& - Qir J%) 

t,( ** - o' ZTP a,> 


// 


(3-36) 


I xfc'j - ix( z o c^X) = <Wz» . 

* v ' ^4 _ , ' 

Qzpp 

3, > ; ^ 

Z W>fi 2 (-z') - Z .(*> ~ O 

These are set of 6 algebraic equations in 6 unknowns and are 
solved by Gauss-Jordan method. The resulting final solution of 


system 3 is as follows; 
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In disk field 

FCz) = &j>Cz) + tx«> 

G/Z) = Q 2 PP Cz)+ i xfr'x^&z) 

■%_ = 2 

In wall field 

f^(Z) ~ *+ 2-X60 

”2 

<%(*>- <V z; t-2x«^zj 

- 1=4 


0<Z$Zi 


s 


where is the position of the matching point. 

Solution of this system is generally an order of magnitude 
lower then lower order solution, but at certain points they do 
become comparable. Still there is felt to be no need to go to 
higher order solutions. Once the solutions of all the three systems 
are known, velocity and pressure distributions between disk and the 
wall can be found. The remaining function in the expression for 
pressure is computed as follows: 


■ft (z) - - 2 £ i 2 fj 2 -*- Conit <3- 21 > 


The constant cannot be evaluated unless the pressure is known 
at a point inside the pump. One can neglect this constant, in finding 
pressure distribution, as only the pressure difference is really 
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significant. The velocity and the pressure field are as follows: 

V L(%,zjq) ==• Fo'+Cfy*) 5 1 

V(X z; <? ) - L^/h) ft, ^ (P A 5 ) f (3_37) 

U (ft, 2, Q) ^-ZVo* ( 2 <*!/V) 5 


P o, z;q) = + q -ft, & % + ($%*) hjr -ft (3 ~ 38) 

where , ^2- are all constants and F q , F^, F 2 , G q , G^, 

G^, are independent of leakage. Pressure variations for the 
no inflow case have been provided by Cooper [iO] in terms of g, the 
core angular velocity ratio 

M = -flV = zn^ 0 

vn- 

*.= -f 


where 


P = 


n 


(she 


ft- ct \s$ 

Hence the pressure and velocity fields are known. 

A particular case of this problem has been solved by Peube & 
Kreith [7]. Their no-inflow case consists of two disks and the 
enclosed fluid rotating at same angular velocity; the effect of 
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inflow is studied by the same perturbation scheme as used in 
this study. As a check of the present numerical procedure, the 
Peube and Kreith problem was solved as well. 

The solutions obtained for system 2 and system 3 match up to 
5 significant figures with the analytical solution obtained by 
Peube & Kreith [Y]. 



IV. AN INTEGRAL OF THE ENERGY EQUATION 


An attempt has been made to find the flow situation where Reynolds 
analogy can be used to find the temperature field. Equations (2-1) - 
(2-5) are nondimensionalised with different reference quantities so that 


the largest significant terms of the equation could be retained. 




Reference velocities; 
From continuity: 




30W 

3^ 


-f 


3 (IajJ-l) 


0 


which implies, 

_ Ca J)v^ TZ 

K s 

Momentum 




d?l ^'Z J ' 


UV 

Tr 


^ / Lp^ 



_L 


j£y/Kf 

32* VS / J 


35 



36 




37 


~iJ {JyzjLj __ 

C Xef ft Re 


The above set of equations can be simplified for 

- j ; cud R/ S >> J 

The resulting dimensional equation with bar removed are 


U + W ^ 

cTZ, 


_ I 


3P 






+ V 



(4-1) 


u 


2>V 

dH 


T 37L 


V.v 

h 


V 


d^v 

az 1 



(4-2) 



These are boundary layer equations. Although equations (4-1), 

j 

(4-2) give same solution as obtained from exact Navier-Stokes equations 
for Von-Karman’s similarity, the solution of the energy equation (4-3) 
is limited to boundary layer region and only valid away from the axis. 
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Equations 4-1, 4-2, 4-3 are nondimensionalised by usual ref- 
erence quantities (as in 2-6 to 2-9) . 

So nondimensional equations are: 


u ^ 

+ OJ 3“ - 

_ v 1 _ 

_ 



az 

X " 


a 

av 


LLV __ 



-dJl 

^ az 


az x 

u 

3T Z u > SI 

i 



dfz 

3Z 


3z^ 


+ 




Ec 

Re 

t 






(3uf 1 + Is 

\ 2 >Z/ J R e 


4- {/J 

az 


uM 

BTl 


Is. 

Re 




Now these equations are combined to eliminate pressure terms along 
with the boundary layer assumption that: 


v oo^P 
3ft, 7/ az. 


So combined equation is: 



(4-4) 
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u M + W-5U = (4-6) 

3.H az- 32?- 

Boundary conditions for above equation depend upon the physical sit- 
uation under consideration. Two cases solved in this study are, 
insulated disk with the wall cooled to some constant temperature, 
and other with the disk and the wall cooled to same temperature. 

In order to solve (4-6) , it is expanded in terms of a series 
using the expansions for U &V . 

From (3-37) : 

U a = + ~ - 

v i= 2< 3 4 +• — 

Hence JH is potentially of the form: ! 

H = Const + -- <«-’> 
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Now expansions of iJ^V %. OJ are substituted into (4-6) and 
equations corresponding to different power of 'Jl ' are obtained as 
follows: 


. <V>; 


2 Hji'-ZFi Ha = « 


// 


<*■); 


2J ioS'-ZHjtl = Ht 






5 E" H»- - F; Mx ~ K/ Z 


// 

•2- 


(4-8) 


(4-9) 


(4-10) 


'2 1 '» 

Boundary conditions for different order equations are obtained 
for both cases. For the first case of insulated disk, boundary 
conditions are as follows: 


!£&*) =° 

=-vZ?(9n) 
H fe *) = (•&) Tw 


If 1 — "Tu , then lw — j 

Boundary conditions for different order equations (4-7, 4-8, 4-9) are 
obtained from (4-11) and (4-7). 
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From (4-7) & (4-11) 

( 0 , 71 ) - + q H,'(o) + 

or 

H'o) = Q>) 

H'6»= <(°) 

H^®) “ Gr^o) 

Also at z=s: 

H(sa) * 

or 

Const" 

H>< S > 

H/s) 


— - Const -t-^H.OO + <?-Hd(s) + ^hfS) 

Ft 71 

— ^ 

Fc 

= o ■= G,^) (4-8-2) 

«0=* G^<# (4-9-2) 

— o ■= <%(0 


(4-8-1) 

(4-9-1) 

(4-10-1) 


(4-10-2) 
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Equations (4-8) , (4-9) , (4-10) and their boundary conditions 
are compared with 3-13, 3-14, 3-15 and it is found that former 
equations can be obtained by replacing by corresponding H^. 
Hence: 

Hr G 0 5 H ' Gj ' 3 Hz - 

And so the solution of equation (4-6) is: 

• . Rg , -p - r-' _u. -+■ (XX r (4— 11 ) 

‘“C 

Temperature distributions can be obtained from (4-11), using (4-5) T 

T - i+ + 

1 2Q G.G, +• Crf + 

J 

or 

2,i + ir( S v^+ 

T w Re L V 2- 

+ Q (Gj- 5 V' G.G,) + 0. (<5i 

- I - f; £ -f - G.G a ) J 


(4-12) 



43 


So effect of leakage on temperature distribution is known. 

For the second case, when the disk and the wall are cooled to 
the same temperature, the boundary conditions are different but the 
solution is obtained in the same way. 

The boundary conditions are: 


TW = T(s Yr u = i 


(4-13) 


or 

=- G»wf + 3z L y\j‘>) -t- Q n,(°) 

= fs + x 

■ ' i ^ 

= & + i&Gtfo) 

" c.«. - f 

t-C 

Ho6) = \ t % a ) 4 ’ 8 ' 3 

= 0 . 4 - 9 ' 3 
~ 0 4-10-3 

And at z=s , they are the same as (4-8-2), (4-9-2), (4-10-2) 

y\ 0 CS) -=:0~ £■'<*&) 

H^Cs) — 0 = G d (s) 

H 2 Cs) = 0 
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So 'Ho, -Hi & are equivalent to 1/2 G o> Gj., G 2 res- 

pectively. Hence the solution of second case is: 

* 

■«H - -t- 2*^ ^To-+ Q ^ Q z < 4 " 14 > 

and the corresponding temperature distribution as obtained from 
(4-14) is : 


jr 


1 + §(r^ +(3G ^ € 


<5z) 


Re 


V/i /2 H2QF/fr+^(Fi 


+ 2 ^ fi ) Gfe + ZQCf 0 (jj 




(4-15) 


Once the temperature distribution for a given case is known, 
then the disk temperature and heat transfer rate at the wall in 
case 1 and heat transfer rates at the disk and at the wall in 
case 2 can be found. 

For Case 1: 

The temperature at the disk is: 





and the heat transfer rate at the wall is: 


(4-16) 


3T __ Ec 
3Z Re 

Z=S 


9t 2 Q'jsj + q^Cs) +^<kl(s>) 


( 4 - 17 ) 
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For Case 2: 

The heat transfer rate at the wall is: 


Ul = It (i ** <?.<:*> + <? 5; <*) + |£ <%<=>) 

"Z.-S 

and at the disk: 



Z«o 


From the preceding results, it can be concluded that leakage 

affect the heat transfer rate at the wall. This rate is reduced 

for second case as some heat is conducted at the disk now. But the 

surprising result is that for solutions within the framework of the 

separation of variables chosen, the temperature of the disk in 
. ' ( 
first case and heat transfer rate to the disk in second case are 

independent of leakage rate. This can be explained as follows: 

Effect of leakage is to reduce the shear stresses at the disk, which 

means smaller dissipation. Also, leakage reduces radial velocity 

and so convection rate. Hence net effect is that smaller amount of 

the reduced dissipated heat is convected. The disk gets the same 

amount of heat irrespective of leakage for Prandtl humber one. 



V. RESULTS AND DISCUSSION 


The system of equations (3-13) to (3-22) along with their 

2 

boundary conditions have been solved for three values of S, where S 
is Taylor number. These solutions are tabulated in Tables 1 to 9. 

The system-1 functions are shown in Figures 2 to 4, the system-2 
functions in Figures 5 to 7 and the system- 3 functions in Figures 8 to 
10. The system-3 solution for S = 30 is not available due to numerical 
instability. 

Convergence of the integration procedure is strongly dependent on 
the guesses which are made to start the integration for each system of 
differential equations. This is particularly true of system-1, which 
consists of non-linear differential equations. As superposition of so- 
lutions is not possible for system-1, convergence can be obtained only 
when the guesses are fairly close to the final solution. As each 
system depends upon the solution to the previous system, the net effect 
of accumulated error shows up most strongly in the third system. It 
appears that for S = 30, the accumulated discretization error for system-3 
precludes a proper solution. This problem can be avoided by using finer 
grid, which will require a computer with larger core. 

The result of different systems will be discussed with respect to 
flow field, shear stresses and pressure distribution. 
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Flow Field 

The flow field between the disk and the wall has been analyzed for 

three different non-dimensional widths ( S = 1.0, 17.15, 30,0). Here 
2 

S or Taylor number represents the ratio between inertia forces to viscous 
forces. For S<24, the basic flow is of the merged boundary layer type f/2Q 
Thus, as seen in the velocity profiles (Figures 2 to 4) , for S = 1, 17.15 
the boundary layers on the disk and the wall are merged, while for S = 30, 
separate boundary layers with a core in between are evident. For very 
small gap widths, S - 1, viscous effects dominate, and so the azimuthal 
ve3ocity profile is meetly a straight line (Figure 4) while the axial 
and radial velocities are quite small (Figures 2 and 3 respectively) . 

For large gap width the effects of inertia become important and this is 
reflected in the appearance of secondary flows. 

For large S, viscous influences decrease as the distance from the 
wall or the disk increases. Away from the wall or the disk, the pressure 
force is balanced by the centrifugal force, but close to the stationary 
wall, the centrifugal force is unable to balance the pressure gradient 
and there is a radially inward flow. Similarly excess centrifugal force 
near the disk creates an outward radial flow, as evident from Figure 3. 

In order to explain the other peaks and troughs, the relative importance 
of the different inertia terms has to be considered. For S - 1, viscous 
terms dominate so no secondary ripples in the profiles are seen. But for 
S - 1, there are regions of inflow and outflow between the disk and the 
wall, due to strong inertia effects. 
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After thp first trough in radial velocity near the wall, the 
viscous effects are weak and radial convection of angular momentum 
dominates over axial convection as axial velocities are small, re- 
sulting in faster rotation of fluid particles, hence a peak in the 
azimuthal velocity profile. This higher angular velocity increases 
the centrifugal force and so reduces the inward radial velocity. After 
this there is a region of radial outflow. In order to satisfy con- 
tinuity, there is a reduction in axial velocity, to a local minimum. 

In this region, since the radial convection is from a region of lower 
angular momentum, the angular velocity decreases and there is a trough 
ip azimuthal velocity profile. In turn, because of the lower angular 
velocity, centrifugal forces are weak, compared to the pressure gradient 
resulting again in radial inflow. As the momentum equations or momentum 
balance are applicable at a point, the regions of inflow and outflow can 
only be qualitatively explained in terms of dominant terms. Also since 
the influences of three factors, radial and axial convection, and cen- 
trifugal force, are involved so there is overlapping of regions of peak 
and trough of one profile with another. 

This situation is modified when there is inflow. This inflow 
comes from larger radius, hence with excess angular momentum, which is 
imparted to the fluid around it. This results in increased angular 
velocity as i§ evident from Figure 7, which shows that the second order 
function is always negative, and for inflow, Q is also negative. It 
is not easy to explain the effect of inflow on radial velocity (Figure 6). 
There are two effects, one is due to the faster rotation of fluid which 
accelerates the fluid outward and the second is the negative radial 
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momentum carried by inflow, which tends to suppress radial outflow 
near the disk and augment radial inflow near the wall. This negative 
radial momentum effect dominates the flow close to the disk and espe- 
cially near the wall as the fluid is rotating slower in this region. 

In the center region, it seems that the effect due to faster rotation 
dominates. For the case of S = 1, viscous influences are strong and 
the effect of inflow is equivalent to superposing an inward channel 
flow between two stationary disks (Figure 6) on the basic flow. Axial 
velocity is not affected by the inflow up to third order. 

This effect of inflow is very strong close to the axis, where 
the basic angular momentum is low and all the fluid is moving inward as 
is evident from figures 11 to 13, Stream lines in these figures in- 
dicate that fluid recirculates beyond a certain radius where centrifugal 
force becomes significant. The radius beyond which recirculation starts, 
is the radius where radial shear stress first changes sign. This ex- 
pression can be computed from the expression for radial velocity. 


U - + Q X| I/ / ?r 5 -i- 

For the case of small Q, /5x? can be neglected compared lo 

leading to the following estimate of the radius outside of which, there 
is flow recirculation. 


Radius of recirculation = 



(5-1) 


Despite the inaccuracies of Soo's analysis 5 , it provides 

fairly good estimate of recirculation radius r, where 



GOQ 

s* 



For the case of disk and wall, recirculation starts near the 
disk and estimates of recirculation radius can be made by evaluating 
(5-1) at the disk. As Soo's 5 analysis is for small gap widths, the 
radius of recirculation is computed for S = 1, and it is found to be 
fairly close to Soo } s estimate. 

Radius of recirculation ( S = 1) J 5 "^- 74 6 °\ Q 


As is to be expected, it is found that recirculation radius 
increases with Q and decreases with gap width (S) . Streamlines are 
computed as lines of constant stream function, using relation 


V'' = ^ ( Q/V) £ 4- 

For small Q, the radial location of a streamline at different axial 
positions is approximated (except near r = 0) by 


X 


7 - __ Q F, 


Fo 


(5-3) 


These are not the actual streamlines but the "projection" of 
the streamlines in a meridional plane ( 0 = const) 


These are not the actual streamlines by the projection of the stream- 
lines by the projection of the streamlines in a meriodional plane. 

( 0 = const) . Radius of recirculation can also be estimated by locating 
position of stagnation streamline on the disk. 


aQ^y\ ^ r - Q Fj~ 


Z-->0 


Fb 


Of 


D 


Radius of recirculation = 
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Shear Stress Distribution 

There is a significant influence of inflow on shear stresses’’ at 
the wall and the disk. Since the fluid rotates faster due to inflow, 
azimuthal shear stress is reduced at the rotating disk and increased at 
the stationary wall. Similar effects are observed for the radial shear 
stresses due to radial momentum carried by the inflow. This is evident 
from the tables 10 and 11, which indicate the relative magnitudes of 
the contributions from the different order solutions. Also to be noted 
is that the influence of inflow on shear stresses is more pronounced for 
larger gap widths. This can be explained in terms of the decreasing 

— r ' 

effect of viscous forces on the solution. Since the excess angular mo- 

\ 

mentum of the inflow is not diffused well in the middle region, the 
effect of rotation of the inflow dominates over the negative radial 
momentum, resulting in second order outflow. In order to satisfy 
"continuity", large inflow near the wall and smaller outflow near the 
disk are observed (Figures 3 and 6). For very small gap width, the 
effect of inflow is in one direction only, as evident from Figures 6 and 
7. These results support Jimbo's ^2^ conclusion, that the power loss 
due to skin friction decreases due to inflow since shear stresses de- 
crease at the rotating disk. 

Pressure Distribution 

The effect of inflow is to increase the radial pressure gradient. 
The pressure at the axis or periphery is usually known, so the absolute 
pressure can be obtained from the expression for pressure gradient on the 


disk. 
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— = jb^X -b -§-^ J 
cLfi ’ * 




ON V\SK 


This increase in pressure gradient can be explained in terms of 
the rotation effect of inflow. The fluid tends to rotate faster due to 
inflow and so generates larger pressure gradient, which is evident from 
table and from the above expression. 


Remarks 

This study is based on an asymptotic expansion for the different 
functions and only terms up to 3rd order are retained. This truncation 
subjects the analysis to a limitation on the amount of inflow that can 
be considered which depends on the region of Application (radial distance) 
and the accuracy desired. Each term should be smaller than the previous 
one and the ratio of succeeding terms will be indicative of the accuracy 
of tha estimate of various flow quantities. As an example, the case of 
S = 17.15 is considered and the dimensionless mihimuni radius of the 
region is 20. 


The requirement is 

Q Q'/Tz. 

* Ql 

If the allowed ratio is 0.1 at r = 20, then 


1 


Q < 3 , /20 _ ^ 

ao Qi 


and 


Q - 80 
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The limit on Q is very sensitive to the minimum radius at which compu- 
tations are desired. 

The influence of leakage can be deduced in terms of flow parameters 

_JL__ 

277 V J Ya. 

A larger Q means, either large inflow rate or smaller viscosity 
or large disk angular velocity. In any of these situations the overall 
flow will be substantially influenced by the inflow. 

According to Daily & Nece Ql] , laminar flow in the non- inf low case 
exists up to r ■ 500, after which transition occurs. This transition 
radius will probably be reduced for the inflow case, since the incoming 
fluid comes from a turbulent region and brings turbulent fluctuations with 
it. The region of applicability of the presented laminar solution is 
between an inner radius which depends upon the accuracy desired for a 
given Q and an outer radius determined by the onset of transition. 




VI. DESIGN APPLICATIONS 


This analysis can be used to calculate the axial thrust on a 
pump impeller due to the asymmetric pressure distribution on both 
sides as influenced by leakage, and to estimate the power lost due to 
the skin friction on the impeller. These quantities are of basic im- 
portance in evaluating the effect of leakage on pump performance. 

Axial Thrust : 

This thrust will arise either due to different gap widths 
between impeller and housing or different leakage rates in the two 
gaps. The pressure distribution on the impeller shroud is given by 

ps _j- QR -f Consfouot (6'1) 

r 2. 1 Ji 2 - 

This constant can be evaluated by the knowledge of the pressure 
at some point inside the pump. If Q and S are different at both 
sides of the impeller shroud and if P q represents the pressure at 
impeller exit at radius R q , then 

P= -fV- J R?)+ QJ-'j (Vs.) + + Po (S' 2 -) 

The contribution to axial force due to the flow between the impeller 
shroud and the housing 

J?. 

F - J 277 ^ f> dh 

where r is the inner radius of the shroud. Integration yields 
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F = 2ITR j + n£ 7 ~(^}rj’) + TTQH j [4° 

(2 & *.->J ) - (2 & ?t„-i)] + 2 IT W 2 S?&> (|f ) 

- 2IT (£^£)(Kr?+ <?«, £**.+ ) ( 6 - 3 ) 

The net thrust on bearing due to both sides of the impeller is given by 


Thrust =. = zrrU (— J-^5' ) ~ ( fi g) 


4, 


- f(£*Z- /£*&) - *r (QJiu-WuO- n [ 

<?A ^(2^%.-)- <? R J-V )] 


■+- 2n 


Ha <?<_£* (|f L )- zn -H* 



n (X, £- H«<?« ) +TT ) + 


\Q L H il Q fi -H ~f P I ■ /k "7 /k ) 

+ (LnRe <6 ' 4) 


2 _ 2 - 

— ‘HjR 
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In this expression it is assumed that the outer radius of the impeller 
and the pressure at that point on both sides of impeller are the same. 
Non-dimensional core angular velocity 6 is dependent on the dimension- 
less gap width but for it becomes essentially constant (within 

5% variation) . This expression can be modified for other physical situ™ 
at ions. 

Power Loss : 

With the knowledge of the azimuthal shear stress distribution 
on the disk (impeller) , power loss due to friction can be evaluated. 

Thus, 

Power loss = PL — J 2 .77 Jz ( izo) ^ c ^ z 

where ^ qu 

V~ = yiO/ 0 -+ -+ 

and 

Tze ® ■+ ^ + ~~ ) 

So the expression for power loss on one side is 

PL - 2-fTjU \j5o<kl ~V Q (G/Go +<$*$/) Y + Q (GzGo 

+ <k<*f+t&k) &,* + — ■ 7 *“ ( € ~ s ) 

The quantity PL can be evaluated for both sides of the impeller 
separately and the sum will represent the power loss due to skin friction 
of the impeller. 

As the analysis in this study is independent of the sign of Q, 
it applies as well to disk pumps, and the power required for given amount 
of flow rate can be evaluated from (6-5) . Furthermore, the pressure 
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gradient and hence the pressure rise can be obtained from (6-1), 


Illustrative Problem : 

The present analysis will be used to compute the leakage rate 
and the axial thrust caused by the leakage for a typical centrifugal 
pump used for lubricating oil. 

The physical data for the pump are as follows: 


Disk angular velocity 

Outer radius (R ) 
o 

Inner radius (r Q ) 

Oil viscosity 

Kinematic viscosity 

Gap width 

Clearance at seal 

Pressure rise in 
impeller 

Total flow rate 


= 1000 rad/sec (955 rpm) 

- 0.2 ft. 

= 0.08 ft. 

- 2,18 x 10" 3 Ibf. sec/ft 2 
= 10 3 ft 3 /sec. 

- 0.01715 ft. 

= 0.0002 ft. 

= 200 psi. 

= 50 gpm 


The reference quantities for this analysis are: 


L ref 

-M 

Q ref 


P ref 

- jU/l 

Thrust . 
ref 

— jU- v 




•Hz 


P 


= to ' 3 ^ 

= 6-3XIO' 6 |t 3 /dee 

= 

s 2 - J 0 >< \°~ 6 Qbf 

- - .3459 
= - .1096 

- .314 
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Non-dimensional quantities are: 

♦ 

R =200 

o 

r =80 

o 

( A p) = 13,200 

Dimensionless gap width between impeller shroud and housing 
(S) = 17.15 

Clearance (S ) = .2 

The flow rate across the seal (non-dimensional) is 

Q “ cx^ysx Jz AP S 

where ^Ccha) Co-efficient C ~0-R 
so that ^2. 

Q. z 

=-0lZZCl 

The pressure difference in the gap is 

^ j- ■ ■ 

- f, G56 -0-31 5 (^ + o-i 3 Q 2- 

'-/v 

Assuming that seal is open to inlet pressure on external side 
which quantitatively is written 

33,200 ~ 1&5& - 0-3J5C( +■ O.IsxIo'^qV'OJZZQ 2- 

or 

J 0)22 Q 2 - 0-3*5^- = D 
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This may now be solved for Q. As the problem is about leakage, the 
negative root will be taken. The result is 


Q = -964 


To check the validity of the analysis for this problem, different 


terms can be compared in the expression of 


dP ^ fa* £ HqQ 2 


dp 

d> i 


at inner and outer radii. 


eOt 1 n 

Now at inner radius ( r 


80) 


£ v til - 


nt 


fi* 

2.1/2. 


= - 


• 0877 


V __ 

%lr H, 

And at outer radius (R = 200) 

o 


x Jjl = -OB 25 

R» x P~ 

.0. x i-ik- = .o/^i 

Hi 


As expected, it is found that succeeding terms decrease more 
rapidly at the outer radius but even at inner radius each term is 
smaller than previous term by enough to indicate that truncation error 
is reasonably small and this analysis is applicable. 

Assuming that, and that there is leakage on 

one side only, the thrust can be evaluated from (6-4). 


Thrust = 277 HQ [%* (4®J 


+ 277 ( 4 {. ) 

J 


1 

=: -277 HQ('520)XioV 2f] 

--'/•/2 f /X/0 7 
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In dimensional form 

Thrust = -1.141 x 10 ^ x 2.18 x 10 ^ lb. 
- 25 lb. 


This value can be compared with the extreme case of infinite 
leakage as shown by Cooper [JLO] . The assumption of infinite leakage 
implies that the inflowing fluid tends to conserve the angular momentum 
it possessed upon entering the clearance space at the impeller outer 
radius. In this case pressure decreases more rapidly with the de- 
creasing radius as the angular speed increases. So expression for thrust 
for infinite leakage on one side and no leakage on other side is, 

Thrust - *2. U£*£- (2U&) -1-5- -4* ■+ 2. & i ') 

2. ^ R l J 


= 336 lb. 


Actual leakage ratio for this problem 

Q = 964 x 6.3 x 10 6 ft^/sec 
= 2.73 gpm 

= 5.5% of total flow rate 

If this centrifugal pimp has an impeller with a shroud on one 
side only then the thrust will be larger. The force developed on the 
side of impeller where there is no shroud is calculated assuming the 
fluid to rotate at the impeller angular speed. This yields 
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F = 2T7f (P 0 - n c&- 

= znR( ~^) -( ^ )( R. - xi) 

( 6 - 6 ) 

The thrust due to the shrouded side of the impeller is given by equation 
(6-3). The thrust fop an impeller shrouded on one side only is the 
difference between (6-6) and (6-3). For JloR this becomes 

Thrust -- ST^-X*) p\ iZ (R.-*. 1 )”-- 

+ 277JY,<$> l -^] 

#•] 

TT T8'46Klo 7 

In dimensional form for the calculated example the thrust is 1,710 lbs. 

in a direction opposite to the inlet flow. 

Most of the axial force for a single shrouded impeller is because 

of the difference in average angular velocity on the two sides of the 

25 

impeller. The effect of leakage is of the order of jjJq or 1.5%. 



VII. SUMMARY OF RESULTS 


The problem of inflow between a stationary disk (wall) and a 
rotating disk has been solved by a linearization method. Similarity 
solutions are sought while end effects are neglected by taking infinite 
disks. The momentum and energy equations are simplified by assuming 
an axisymmetric laminar flow of a constant property fluid. The effect 
of inflow is found as a perturbation of the no-inflow base solution. 

Only two perturbation terms in the series are evaluated, since for 
other higher order terms, the inflow appears as a parameter in the 
differential equation. This precludes solution of the higher order 
equations unless the amount of inflow is specified a priori. 

The solution of flow field and temperature field shed light on 
the influence of inflow on the pressure distribution, the shear stresses 
and the heat transfer rates at the disks. It is found that inflow 
increases the pressure gradient in the gap and so results in an in- 
creased axial thrust above that due to the basic flow. The effect be- 
comes prominent for situations, vix., large leakage rate, large angular 
velocity of the disk or small viscosity. 

Inflow also reduces the shear stresses on the rotating disk and in- 
creases the shear stress on the wall. So it has the effect of reducing 
frictional power loss on the rotating disk. Overall, the leakage has 
a negative influence on pump performance, as it carries with it some 
kinetic energy which is lost. 

Another effect of inflow is on the recirculation region. The in- 
fluence of leakage becomes large at small radius as the angular momentum 
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of the basic flow diminishes to zero as the axis is approached. This 
inflow creates a recirculation cell about the axis of rotation, with 
fluid coming inward at rotating disk instead being thrown out. This 
recirculation will slightly affect the power loss due to radial shear 
stresses. 

A surprising influence of inflow is on the temperature field. For 
the case, wherein the wall is cooled to a constant temperature and the 
rotating disk is insulated, the disk temperature is independent of 
amount of inflow, although the heat transfer rate at the wall decreases. 
For the case where both the disk and the wall are cooled to the same 
temperature, the heat transfer rate at the wall decreased as expected. 
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APPENDIX 


Solutions of system-1 as listed in tables 1, 4, and 7 are directly 
taken from Cooper [10] results. They have to be modified in order to 
correspond to the co-ordinate system of this report. 

Conversion is as follows: 

Position relative to wall. 

Cooper's notation Current notation 


F 

FP 

FPP 

GP 

GPP 


- F 
FP 
- FPP 
G 

- GP 


Position relative to Disk 

Cooper's notation 

F 

FP 

FPP 

GP 

GPP 


Current notation 

F 

FP 

FPP 

G 

GP 


Here the number of P's represents the order of the derivative 
with respect to the argument. 
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Disk Wall 



z/s 


Figure 2 
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Figure 4 
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Figure 6 
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Figure 7 










DISK 


WALL 



Figure 10 












* 

TABLE 1 


S = 1 
System 1 

VELOCITY AND SHEAR STRESS PROFILES 


POSITION RELATIVE TO 

WALL 

. F 

_ FP 

I 

2/S 

ETA 

W 

GP 



NUE 



1 

.00000000 

.00000 

•00000000 

.00000000 



1.00000 

.00000000 

.00000000 

5 

.10000000 

.10000 

-.00028151 

-.00513739 



1.00000 

.00 056 301 

.09983608 

9 

.20000000 

.20000 

-.00093159 

-.00740480 



1.00000 

.00186319 

.19966740 

13 

.30000000 

.30000 

-.00167654 

-.00710092 



1.00000 

.00335308 

.29918844 

17 

.40000000 

.40000 

-.00228244 

„ -.00472341 



1.00000 

.00456488 

.39930169 

21 

.50000000 

.50000 

-.00257511 

“•00096908 



1.00000 

.00515022 

.49912422 


POSITION RELATIVE 

TO DISK 

F 

FP 

I 

z/s 

ETA 

w 

GP 



NUE 



1 

•00000000 

.00000 

.00000000 

*00000000 



1.00000 

•ouonoooo 

1.00000000 

5 

*10000000 

.10000 

.00039337 

.00606076 



1.00000 

-.00070674 

.89962900 

9 

*20000000 

.20000 

•00120158 

•00859761 



1*00000 

-.00240316 

.79938097 

13 

•30000000 

.30000 

•00199911 

•00691441 



1.00000 

-.00399823 

•69920993 

17 

•40000000 

.40000 

_.00252071 _ 

0033 1 209 __ 



1.00000 

-.00504142" 

•59933382 

21 

.50000000 

.50000 

.00264107 

-.00091066 



1.00000 

-•00526214 

•49946782 


* 


Refer to Appendix 



.10041434 

-1. 1)0398336 
-03997902 
-1 .00321949 
--00240228 
-1.00169221 
-.02876032 
-1.00017095 
-.04112176 _ 

-.99902977 
-.04150427 
-.99836792 



WAU 

CtSK 


TABLE 1 
S = 1 


System 2 


F 

F P 

FPP 

6 

GP 

FPPP 

GPP 

HI 



t .00000 

.00000 

-6.02089 

•oooon 

•39887 -12. 

12436 . 

oonoo - 12 * 

12436 










FTA POS 

FRSCT 2/S 

.OOOOO 

•O 0000 

s . 9994 3 

•OoOOO 

-.59945 

-12.12436 

•nn .000 

-12.12436 

•oonou 

.uooon 

,02798 

.53931 

.. 4.79244 . 

-.05812 

-.54674 

-12.02357, 

.97115 

.. .-12.12436 

. IUPQO 

... .10000 

.10369 

•95675 

3*59.546 

-•10684 

-.41 B40 

- 11 .96218 

1.53383 

-12*12436 

• 2001)0 

* 20000 

.2157“ 

1.25835 

2.39877 

— 14051 

-.25114 

-II .93743 

1.76090 

-12.12436 

.30000 

•Junno 

.35158 

1 .43634 

1.20499 

-.15679 

-.07495 

- 1 J .J4250 

1.72471 

-12*12436 

.40000 

.40000 

,49947 

1.49929 

.009^7 

-.15597 

;Pfl745_ 

^li"96 fl 61. 

1.49724 

..-12.12436 . 

.50000 

.50000 

.64743 

1.44033 

-) .1891 1 

-•14027 

•^2044 

-12*00691 

1.14925 

-12.12436 

. 60000 

, 6 nonn 

. 76354 

1 .261 32 

- 2*39194 

-•11314 

. 3l 574 

-12*04857 

.75444 

-12.12436 

.70000 

.70000 

.89573 

*96183 

-3.59870 

-.07844 

.37217 

-12*08632 

• 38340 

-12.12436 

.80000 

•oonoo 

•97197 

•54148 

-4.8.832 

— 03982 

•39564 

-12.11370 

.10790 

-12.12436 

• 9 «nou 

.90000 

• (Jfj')U(J 

•OOOOO 

' - 6 . 02069 

• OOOOO 

•3.807 

-12*12436 

•noono 

-12.12436 

l.nonoo 

1 .UOP 00 



TABLE 3 


S = 1 
System 3 


WALL F 

fP ..... 

FPP 

G 

6P 

FPPP 

GPP 

H2 



•ooioo 

•nonoo 

.17330 

.00000 

.00053 

1. 

55485 

.nonoo 

-.7774? 










FT A PC'S 

FR ACT 

•ooooa 

.nonoo 

-.17517 

•00000 

•00053 

1.55485 

•nnono 

-.7774? 

•nonoo 

•ooonn 

-.UIJQbd 

-.00992 

-.029)1 

.00001 

-.00060 

1 .25Q82 

-•01660 

-.77742 

.10000 

.10000 

“.unis? 

-.(10741 

.05750 

-.00013 

-.00199 

.62472 

-•00871 

-.77742 

»20000 

.20000 

-.Ouisy_„ 

.00132 

..09605 

-.0(1034 

-.00213 

03698. 

.00565 

-.77742 

,30000 

.30000 

-•0ul31 

•00984 

.06657 

-•0(1051 

-.00105 

-•50788 

.01443 

-.77742 

.40000 

.40000 

-.uoooy 

.01355 

.00403 

-« 0H054 

.00043 

-.76653 

•01372 

-.77742 

'6(1000 

.60000 









ETA POS 

FRACT 

-.uuooy 

•01355 

.OO 403 

-.0,0054. 

.00043 

-.76653 

.01372 

-.7774? 

.60000 

.50000 

.00117 

.01041 

-.06447 

-•0(1044 

.00145 

— 56307 

.00597 

-.77742 

.60000 

*60001) 

.<Jul81 

... . .. .00189 

-.09742 

-.00029 

.00160 

_=j>05402_ 

-.00249 

-.7774? 

.70000 

• /onoo 

.00153 

-.00703 

-.06952 

-•00014 

.U0U3 

.62493 

-.00586 

-.7774? 

.40000 

.80000 

• oorjoi 

-.00973 

•02622 

-.00006 

.00064 

1-26062 

-.00316 

-.7774? 

.QOOOO 

•vuooo 

.UOO'JU 

•OUOOO 

.17330 

•00000 

.00053 

1.55485 

.00000 

-.77742 

1 . nonoo 

i.upooo 



TABLE 4 


S = 17.15 
System 1 


VELOCITY AND SHEAR STRESS PROFILES 


POSITION RELATIVE TO 

WALL 

F 

FP 

FPP 

I 

Z/S 

ETA 

w 

SP 

GPP 



NUE 




1 

.oooouooo 

.00000 

.00000000 

.00000000 

-.16978390 



i.noooo 

.00000000 

.unononon 

• 1 3930740 

b 

.00883090 

.10000 

-.00083195 

-.01646947 

-.15960871 



1.00000 

.00166391 

.01393085 

. 1K929976 

9 

.01166181 

*20000 

-.00326002 

-.03192297 

-.14947037 



i.noooo 

.00652005 

.02785848 

.13924810 . 

13 

. 0 1749271 

.30000 

— . U07 1 8206 

-.04636891 

-•13940270 



1.00000 

.01436872 

.04177740 

.1^911357 

17 

.02332361 

•40000 

-• 01249961 

-.05980692 

-.12943679 



l.ooooo 

.02499961 

.05867731 

.13886272 

21 

.0291b4b2 

.50000 

-.01911123 

-.07228789 

—.11 960044 



loOOOOO 

.03822246 

.06984812 

.13846738 - 

2b 

•03490542 

.60000 

-.026911479 

-.08373218 

-.10991018 



1.00000 

,U53R37b7 

.08336518 

. 137QU420 

*9 

.04081633 

.70000 

-• 03b82b68 

— • 09424736 

—.1004 1599 



l.ooouo 

.07168136 

.09711974 

.1371846? 

33 

* 04664723 

.80000 

-.04873690 

-.10382201 

-.09111163 



1.00000 

.U91473S1 

•11078941 

» 1 '*620425 __ 

37 

.08247813 

.90000 

0565b942 

-.11247694 

-.08202477 



i.noooo 

.11311865 

•12438385 

.13504264 

41 

.05830904 

1.00000 

-•06B2C239 

-.12023477 

-.07317213 



l.ooooo 

.13640478 

•13779087 

.13366293 

4b 

.06413994 

1.10000 

-.08057728 

-.12711968 

-.06456860 



1.00000 

.16118486 

. 151U 7874 . 

.13206149 

49 

.06997064 

1.20000 

-.09359808 

->.13315724 

-.05622741 



1.00000 

.18719615 

.16419885 

.13023756 

b3 

.0788U175 

1.30000 

10716137 

-.13837429 

-.04816017 



1.00000 

.21436275 

.17711889 

.12819295 

b? 

.08163268 

1 o 4Q000 

-.12124681 

-.14279874 

-.04037700 


1.0000Q .2424930.3 .18982691 _ti259317JL_ 



Table 4 (continued) 


z/s 

ETA 

F 

EP 

F»PP 


NUE 

W 

GP 

GPP 


fci 

« 0674635b 

1.50000 

-.13571566 

-.1464594b 

-.03286660 



i .ooooo 

.27143133 

.20229822 

.12345696 

6b 

•09475219 

1.62500 

-.15425643 

-.15000656 

-.02394641 



1.00000 

,30851287 

.21752306 

.12008608 

b9 

o 1 064 1 399 

1.82500 

-.18464592 

-.15344492 

-.01064525 



_ l.ooooo... 

.... .36929183. 

... .24095125. 

• 1 140756Q. 

73 

.11807560 

2.02500 

-.21546543 

-.15434879 

.00139452 



1 , ooooo 

.43093085 

.2631083^ 

.10739096 . 

77 

.12973761 

2.22500 

-.24623340 

-.15297224 

.01215793 



1.00000 

.49246681 

•26386947 

.10013397 

61 

.14139941 

2.42500 

-.27651932 

-.14957070 

.02164569 



l.ooooo 

• 55303884 

.30313104 

.09241394 .. 

bb 

.15300123 

2.62500 

-.30594362 

-.14439803 

•02987272 



1.00000 

.61188723 

•32U811b7 

.06434344 

69 

.16472303 

2. 82500 

-.33417711 

-.13770384 

•03686670 



1.00000 

.66835423 

.33685255 

.07603490 

93 

.17638484 

3.02500 

-.36093993 

-.12973098 

.04266660 


... . 

1.00000 

.... . 72187985 

.35121708 

.06759783 — 

97 

.18804665 

3.22500 

-.38599990 

-.12071356 

.04732130 



1.00000 

.77199978 

.36389010 

.05913673 

lul 

.19970845 

3.42500 

-.40917064 

-•110R750U 

.05088818 



1.00000 

.81834126 

.37487671 

.05074943 

105 

.21137026 

3.62500 

-.43030926 

-.10042652 

.05343177, 


. 

.'1.00000 

.86061852.. 

.38420080 

.04252587 — 

109 

.22303207 

3.82500 

-.44931379 . 

-.06956584 

.05502234 



l.ooooo 

.89862758 

.39190340 

.03454722 

113 

.23469388 

4.02500 

-•46612036 

-•0764/614 

.05573471 



l.nuooo 

.93224072 

•39804063 

.02608534 

11? 

•24b3o568 

4.22500 

-.48070021 

-.06732530 

.05564689 



l.OUOOO 

.96140041 

.40268282 

.01960241 _ 

121 

•25801750 

4.42500 

-•49305658 

-.05626539 

• 054q3«96 



1,00000 

.98611315 

.40591057 

.01275091 

125 

.26967930 

4.62500 

-.50322152 

-.04543233 

.05339192 



1.00000 

1 .00644304 

.40781482 

.00637365 

129 

.28134111 

4.825U0 

-.51 125264 

-.03494583 

.05136671 



1.00000 

1.02250528 

.40849390 

•Ono5U401— 

133 

.29300292 

5.02500 

-.51722990 

-.02490953 

.04890320 



l.ooouo 

1.03445980 

.40605191 

-.00483369 

137 

.30466472 

5.22500 

-..52125236 

-.01541123 

.04601937 



1.00000 

1.04250471 

.40659695 

-.00962374 

141 

.31632653 

5.4?500 

-.52343512 

-.00652343 

•042P1Q59 



1.00000 

1.04687025 

• 40423945.. 

-.01385647 

145 

.32798834 

5.62500 

-.52390631 

.00169615 

.03934690 



1.00000 

1.04781261 

.40109061 

-.01753768 

149 

•33965015 

5. 82500 

-.52280416 

.0092036? 

.03570247 



1.00000 

1.04560831 

.39726099 

-.02066797 

155 

•35131195 

6.02500 

-.52027430 

•0159b909 

.03193516 



1.00000 

1.04054861 

.39285918 

-.02326206 

157 

.36297376 

6.22500 

-.51646724 

.02197378 

.02810614 



1.00000 

1.03293449 

.38799071 

-.02533809 

lbl 

.37463557 

6.42500 

-.51153597 

.02721105 

.02426957 



1.00000 

1.02307194 

. 38275696 

-.02691893 

165 

.38629737 

6.62500 

-.50563377 

.03168439 

•02047448 



1.00000 

1.01126754 

.37725436 

-.02803148 — 



Table 4 (continued) 



2/S 

ETA 

F 

FP 

FPP 



NUE 

w 

GP 

GPP 

169 

.39795918 

6.82500 

-.49891232 

. 03540654' 

.01676461 



1.00000 

.99782463 

. , .37157358 

-.02870598 ... 

173 

•40962099 

7.02500 

-.49151986 

.03839,849 

.01317840 



1.00000 

.98303971, 

*'i 36579899, 

, . -. 02897535.. 

177 

.42128280 

7.22500 

-.48359974 

.04068837 

.00974904 



-l.ooooo.. 

- - .96719947 . 

— .36000812 

- -.02887459 

181 

.43294460 

7.42500 

-.47528905 

•04231044 

.00650454 



1.00000 

.95057809 

.35427139 

-.02844018 

185 

.44460642 

7.62500 

-.46671747 

.04330406 

* 003U679R 



1.00000 

.93343494 

.34865180 

-.02770950 

189 

.45620822 

7.82500 

“.45800643 

.04371272 

.00065765 


... ' . 

1.00000 

..... .91601285 

.3432048? 

-.02672038 , 

193 

.46793003 

8.02500 

-.44926827 

.04358313 

-.00191260 



1.00000 

.89653654 

.33797838 

-.02551060 

197 

.47959184 

8.22500 

-.44060579 

.04296434 

-.00423309 



1.0U0U0 

.88121157 

,33301280 

-.02411747 

201 

.49125364 

8.42500 

-.43211178 

.04190695 

-.00629790 




: 1. 00000 

.86422355- 

.32834116- 

-.02257749 — 

POSITION RELATIVE TO 

DISK 

F 

FP 

FPP 

1 

Z/S 

ETA 

w 

GP 

GPP 



NUE 




1 

.00000000 

.00000 

,00000000 

•oooobooo 

.46893006 



1.00000 

.00000000 

1.00000000 

-.52032585 

5 

.00683090 

. loooo 

.00219924 

.04257319 

0 384220b0 



1.00000 

-.00439048 

.94811452 

-.51600131 

9 

.0116bl81 

.20000 

.00824887 

.07717133 

.30932511 



l.ouooo 

-.01649774 

.89704304 

-.50436644 

13 

.01749271 

.30000 

.01 739939 

.10474363 

.24369099 



1.00000 

-.03479877 

.04742591 

-.4071 8191 

XI 

.02332361 

*4u000 

.02899287 

.12617105 

.18632621 



l.ooooo 

-.05798574 

.79974245 

-.46591662 

21 

.02915452 

.50000 

.04245608 

.14226758 

• 1 36022 79 



l.ooooo 

-.08491217 

.75433807 

., -,44178379 . 

kb 

.03498542 

.60000 

.05729340 

.15377159 

,0943752a 



1,00000 

-.11458681 

.7114476? 

-.41578647 

29 

.04081633 

,70000 

.07307978 

.16135484 

.05829492 



1.00000 

-.14bl5957 

.6712156? 

-•3*873845 

33 

• 04e»64723 

.80000 

.08945386 

.16562071 

.027n200Q 



l.ouooo 

-.17890773 

.. . .63571297 

.. -.36129631 .. 

37 

.0524/813 

90000 

. 10611138 

.16710810 

.00262396 


1,00000 

-.21222275 

.59895198 

-.33398202 

41 

*05830904 

1.00000 

.12279887 

.16629518 

-.01818066 



1.00000 

-.24559774 

.56689060 

-. 30720'* 58 

4b 

.06413994 

1. loooo 

,13930784 

.16360350 

-.03503817 



1.00000 

- --.27861569 _ 

• 53748292- 

-.28127296 

49 

.06997084 

1.20000 

.15546931 

.15940239 

-.04844096 



l.ooooo 

-.31093861 

.51060796 

-.25642177 

53 

.07580175 

1.3u000 

.17114877 

.15401334 

-.05886927 



1.00000 

-.34229754 

.48615703 

-.23281486 

57 

.08163265 

1.40000 

.18624169 

.14771441 

-.06671207 


1.00000 . _ -.37248337 .46399981 jr.i21Q5619&._ 


CO 

-fr- 



Table 4 (continued) 



z/s 

ETA 

F 

FP 

FPP 



NUE 

W 

GP 

GPP 

61 

.08746356 

1.50000 

.20066932 

.14074443 

-.07234870 

l.ouooo 

-.40133864 

.44399730 

-.18972792 

bb 

.09473219 

1.62500 

.21768384 

.13139559 

-.07679396 

1.00000 

-.43536769 

.42180537 . 

-.16572101 


•10b41399 

1.82500 

.24240257 

.11571283 

-.07919394 

.. l.ooooo 

-.48480514 _ 

.39213026. 

-.13197302 

73 

. 11807580 

2 .n?*oo 

.26396740 

.09999574 

-.07741291) 

1.00000 

-.52793460 

.36865116 

-.1036938? 

77 

. 12973761 

2.22500 

.28244478 

.08492917 

-.07289746 

1.00000 

-.56488957 

.35031998 

-.0*040302 

bl 

.14139941 

2.42bU0 

.296011 74 

.07094661 

-.06672531 

1.00000 

-.59602348 .... 

... .33619578 

, -.06152.399 ,. 

85 

.15306123 

2.62500 

,3109125b 

.05829675 

-.05968025 

1.00000 

-.62182511 

.32545658 

-.04645268 . 

69 

.16472303 

2.82500 

.32142720 

.04709537 

-.0523166? 

1.00000 

-.642B5440 

.31 740016 

-.03460116 

93 

,17636464 

3. 02500 

.329*4896 

.03736582 

-.04501291 


- 1,00000 

-.65969792 

.. .31143798 

-.02542356 - 

97 

, 18804665 

3 • 22500 

.33646917 

.02906959 

-.03801538 

1.00000 

-.67293833 

.30708534 

-.01842918 

1U1 

.19970845 

3.42500 

.34156723 

.02212918 

-.03147?94 

1.00000 

-.68313446 

.30394955 

-.01318824 

105 

.21137026 

3.62500 

.34540459 

.01644472 

-.02546434 

1.00000 

-.69080918 

.30171791 

-.00933114 

109 

.22503207 

3.82500 

.34822150 

.01190580 

-.02001927 

1 , nuofjo 

-.69644298 

.30014670 

-.006*4633 

iu 

.23469368 

4 » 0?500 

.35023575 

.00039962 

-.01513436 

1 .nuooo 

-.70047151 

.29904683 

-.04457014 

117 

.24635566 

4,225510 

.35164285 

.00581632 

— • 01078620 

l.ooouo 

711328570 

. .29827810 

-.00319079 , 

121 

.25801750 

4.42500 

.35261688 

.0040522b 

-.0069351? 

l.ouooo 

-.70523375 

.29774152 

-.00223236 

12b 

.26967930 

4.62500 

.35331198 

.00301183 

-.00354158 

1 ,0000*0 

-.70662396 

, 297 36654 

-.00155400 

189 

.28134111 

4.82500 

.35386404 

.00260813 

-.0005606? 

1.00000 

-.70772808 

.29710878 

-.00104354 ... 

135 

.29300292 

5.02500 

.35439245 ■ 

.00276291 

.00205006 

1.00000 

-.70878489 

. 2969436b 

— • 00061 ?84 

137 

.30466472 

5.22500 

.35500175 

.00340606 

.00432917 

1. 05)000 

-.71000349 

.29086292 

-.00019364 

141 

.31632653 

5.4p500 

.35578322 

.00447475 

.00631067 

1.00000 

-,71156b44 

.29686911 

.00026592 - 

14b 

.32796834 

5.62^00 

.35601623 

• 0HS91240 

.00802315 

1.00000 

-,713t>3246 

.29697455 

.00080420 

149 

.33965015 

5.82500 

,3581693b 

.00766762 

.00948970 

1.00000 

-.71633869 

.29719789 

.00144848 

153 

.35131195 

6,02500 

.35990129 

.00969307 

.01072798 

1.00000 „ 

-.71980257 _ 

.29756224, 

.00221689 





lb7 

.3629/376 

6.22500 

.36206163 

.01194445 

.01175061 

1.00000 

-.72412326 

.29809363 

.00312002 .. 

161 

,37463557 

6.42500 

.36469131 

.01437948 

.01256557 

l.noooo 

-.72938261 

.29881952 

.00416210 

Ifob 

.38629737 

6.62500 

,36782293 

.01695710 

.01317676 

1.00000 

-.73564585. 

.29976767 

.00534203 . 



Table 4 (continued) 


Z/S ETA F FP FPP 

NUE W GP GPP 


Xb9 ,39795918 6.82500 .37198094 .01963669 .01358462 

1.00000 -.74296188 .30096515 .00665411 

173 .40y62099 7.02500 .37668165 .02237723 .01378667 

1,00000 -.7513633L .30243748 .00808863 

177 .42128280 7.22500 .38043313 .02513727 .01377819 

1. OOOOO——^. 76086626 — - .30420789 . .00963230 


Ibl 

.43294460 

7.42500 

.38573502 

.02767405 

.01355282 



1.00000 _ 

-.77147003 

.30629659 

.01126863 

Ibb 

.44460642 

7.62500 

.39157826 

.03054345 

.01310317 



1.00000 

.. -.73315653 

,30672022 

.01297817 

189 

.45626822 

7.82^00 

.39794487 

.03309984 

.01242141 



... 1.00000 . 

-.79588973 . _ 

_. .31149127 

.01473873 

193 

.46793003 

8.02500 

.40480752 

.03549603 

.01149983 



1.00000 

-.80961505 

.31461748 

.01652561 

197 

.47959184 

8.22500 

.41212936 

.03766332 

.01033146 



. 1.00000... 

.-.82425871 _ 

. .31810146 

.01831171 

2U1 

.49125364 

8.42500 

.41986360 

.03961176 

.00891051 



_. l.OUOOO 

_-. 83972719 

.32194016.. 

,02006776. 


00 

O' 



TABLE 5 


S s 17.15 


System 2 




f 

FP 

FP P 

G 

GP 

FPPp 

&pp 

HI 



WAIL 

l .uoi'-jn 

. OOOuO 

-*4471b 

.onooo 

.2593b 

", 

.34589 

noooo 

-.34589 











ETA POS 

Eli Act Z/3 

DiSk, 

« UUU jO 

*00000 

» 14066 

.ooouu 

-.31563 

-.3458* 

.00000 

-.34589 

.00000 

* or, 000 


• uOut>b 

*01244 

.10912 

-.03152 

-.31433 

— *2b660 

.62497 

-*34589 

.10000 

#005d3 


• UU239 

.02201 

.08311 

-.06279 

-.31082 

-.23461 

. U4461 

34689 

.20000 

.01166 


.00497 

.02922 

.06197 

-.09362 

-.30555 

-.18937 

• ObUlb 

-.34580 

•30000 

. 6 1 7«° 


.0(817 

.03454 

■ .04503 

-.12367 

-.29389 

-.15040 

.07258 

-.345,19 

.40000 

.02332 


« U 1 l8 3 

.63035 

. U317U 

-.15336 

-.29111 

-.11726 

.08258 

-.34589 

.50000 

.{,2915 


. u 156 0 

.04096 

.02141 

-.18265 

-.29244 

—a Ud931 

.69068 

-.34589 

*60000 

.03499 


* C 2 0 0 U 

.04272 

• u 1 36b 

-.20983 

-.27303 

- . 06621 

.09725 

-.34589 

*70000 

.6^052 


.u2433 

.04379 

.00803 

-.23663 

-.26303 

-.64741 

.10256 

-.345(>9 

.80000 

» 04665 


.02874 

.04938 

• 004 U 7 

-.26242 

-.25255 

-.63246 

.10o7b 

-.34589 

.90000 

.6524,: 


.1.3319 

.041,65 

.00i44 

-.28713 

-.24171 

-.02069 : 

.10990 

-.34589 

1.00000 

.45831 


,u37G6 

.04470 

-.00016 

-.31675, 

- . 23059 

-.61186 

.11230 

-.34589 

1.1 0000 

• 064 1 4 


. 13 

a 04464 

-.UP1UU 

-.33324 

-.21928 

-.66527 

.11377 

-.34569 

1.20600 

. 06997 


.C4859 

*04^52 

-.00128 

-.35460 

-.20786 

u0067 

.11444 

-.34589 

1.30000 

.07640 


.051'/3 

.04441) 

-.00119 

-.37481 

-.19641 

# UU236 

.11436 

“•34589 

1. 40000 

* 0&163 


.0559 7 

.04429 

-.00065 

-.39389 

-.18501 

.66422 

. 1 1 356 

-.34569 

1.50000 

. 08746 


.06loo 

.04422 

-.UOUc'4 

-.41613 

-.17692 

.60526 

.11172 

- . 34589 

1.62540 

.09476 


•u698» 

• i»4 42?r 

*uno83 

-.44811 

-.T49TV2 

.u()5T4 

7X0697 

-.34589 

r7&26iTtr- 

.14641 


. j7E72 

.04454 

.00175 

-.47581 

-.12824 

•UU40U 

.10655 

-.34589 

2.42500 

.11(108 


.u07o7 

* u 1*496 

.00242 

-.49950 

- . 1 0B37 

.60271 

.09361 

-.34589 

2.22600 

.12974 


.09672 

.i)4549 

.01)285 

-.51947 

-.0910a 

.00169 

.08406 

-.34589 

2.42640 

.14146 


. 1U5S7 

.04609 

.00312 

-.53664 

-.07493 

.00106 

.U7obU 

-.34569 

2.62500 

. 15306 


. 115 In 

« u4674 

.00331 

-.54955 

-.06043 

.66084 

.66852 

-.34589 

2.02500 

.lr,4 72 


.12457 

*04742 

.00347 

-.56632 

-.04750 

.66083 

70,7087 

-734589 

3 . 0250(5 

. 1 7KiE 


.13413 

.04013 

• 00365 

- * 56865 

-.03604 

» GU09G 

.05381 

-.345o9 

3.22500 

.1&P05 


.14383 

.04867 

.U03u3 - "’ 

-. 57462" ~ 

-.02593 

0UU093 

.04742 

-.345o9 

3.42500 

.14971 


.15360 

« 049t)b 

*00400 

-.57916 

-.01702 

.60079 

.04173 

-.34589 

3.62500 

.21137 


.16369 

. 0304 7 

•00413 

-.581 70 

-.00919 

• uli042 

. Q3o7U 

-.34589 

3*82500 

.2231,3 


. i 7397 

.05130 

*00416 

5S2d4 

-.00230 

-.06021 

.U3230 

- 0 34 589 

4*02500 

.23469 


, .8421 

.05213 

.00403 

-.5826,, 

.00376 

-.UU112 

.02845 

-.64569 

4.22660 

. 2o63o 


. 1*5472 

.05290 

*00309 

-.59138 

.06*11 

-.66229 

.02500 

-.34 589 

4*42500 

, 26842 


.20537 

» 05j5rt 

.00310 

-.57988 

.01382 

- .00368 

“.02210 

-.34589 

4.62500 

.26966 


.2161** 

. 05412 

« 00221 

- 1 b7btj9 

.01797 

— • 0u52b 

.01944 

-.34589 

4.62500 

.2, -.134 


.22 700 

.05444 

.00099 

-.571*8 " 

.02161 

— • Uu693 

.01 762 

-.34569 

5.02600 

.29380 


.237^0 

.05449 

-.00057 

— * 5672b 

.02479 

-.00868 

.01475 

-.34589 

6.22500 

.30466 


» 24 & 7 7 

.054 T9 

-,un248 

-.56264 

.(2755 

-.61042“ 

701259““ 

-"734 5,19“ 

5 *42500 .31633 


.25955 

.05346 

-.00474 

-.55630 

.02983 

-.61216 

.01648 

-.34589 

5.62500 

.32799 


.2 7013 

.05226 

- . u (’ 7 3 1 

- . 55u 13 

.03171 

-.01 365 

.60836 

-.34589 

5.82500 

• 339f,5 


. 2d 04 2 

• o5o53 

-.61019 

- ■ 543o4 

.03317 

-.61503 

. 6062U 

-.34589 

8.02500 

.351 31 


.29031 

.04619 

-.0133J. 

- 0 b3byij 

.03419 

-.0161b 

.06397 

- • 34589 

6.22500 

.36257 


.29965 

.U4519 

-.01 t-*o3 

529^0 

.03475 

-.01701 

. UOlbu 

-.34589 

6.42500 

.37464 


. 30o39 

a 04ib2 

-.02009 

-.52303 

.03485 

-.61754' 

-.00674 

-.34589 

6 * 62500 

« 38630 


. Jlu22 

.03715 

-.02362 

- • blt>U9 

.03445 

-.01769 

-.00323 

-.34589 

6.82500 

.39796 


.22315 

.0320b 

-.02714 

-«509^& 

.03355 

-.61745 

-.00580 

-.34589 

7 .02500 

.4096? 


. J2vU0 

.,,2030 

- . 0 3 0 b 7 

-.50271 

• 03212 

-.01676 

-.00844 

-.34589 

7.22600 

.42126 


.33063 

9 01960 

-.03382 

-.49647 

• 00017 

-.01566 

-.01111 

- • 34589 

7.42500 

.45294 


. 53690 

.01279 

— . 0 3o8i 

- • 490ta7 

.02768 

-.01410 

-.01370 

-.34589 

7 .62500 

.44461 



Table 5 (continued) 


F 


33871" 
3 5893 
3375J 
331.34 
3 2240 
322S4_ 
31421 
30401 
2921 V 
^7se5 

S«17 


24833 

23156 

21415 

19s4o 

17803 

16123 

14458_ 

12911 

1 1025 

.0344 

09414 

0922 7 

CBS 74 

024 72 

;,8S02 

09285 

1H3;3 

U938 


.198?3 

.23623 


•2736b 
.32654 
.37691 
.43644 
.4954 5 
.55843 
.628 1 0 


.67654 
• 7 O2*.o 


. 73455 
. 7054o 


.79577, 

.82503 

.65300 


■FP 

FPP 

G 

GP 

FPPP 

GPP 

HI 

ETA 

z/s 

".00516" 

''“-*03943“ 

-.48543 

. 02466 

— .1)1209 

-.01641 

-.34589 

7.82500 

.45627 

-.00295 

-.04161 

-.400(14 

.02112 

-.00964 

-,0169b 

-.34589 

0.02500 

.4 6703 

-« 01 1^5 

-.04326 

".477u2 

.01709 

. -.UU675 

-.02137 

-.34589 

8.22500 

.47959 

-.02022 

-.04429 

-.47404 

.01259 

— • UU347 

-.02359 

-.34589 

8.42500 

.40125 

- . i*p?9l2 

-.04463 

-.472ui 

.00767 

.00017 

-.02556 

-.34589 

8.62500 

.50292 

-.o3au2 

-.04426 

-.47 loo 

•00238 

•0U414 

- . 02 782 

-.34589 

a. 82500 

.614 56 

-,y4gy5 

-.0429b 

-.471(17 

-.00320 

.00830 

-.02832 


9.025013 

. 52624 

-.05314 

-.04085 

-.47229 

-.00900 

.01284 

-.02940 

-.34509 

9.22500 

.53790 

-.06302 

-.03760 

-.47408 

-.01492 

.01746 

-.02980 

-.34589 

9.42500 

• 54°56 

-.07020 

03,584 

-.47826 

-.02008 

.02216 

-.02967 

-.34589 ■ 

9.62500 

.56122 

-,07649 

-.02694 ' 

-.48303 

-.n2b75' 

. Oc.687 

-.U289B 

— . 34589 

9.82800 

.37289 

-.081 71 

-.02-3JU 

-.44395 

-.03243 

.03152 

- . u27o6 

-• 3468° 

10.02500 

.58455 

-.08S67 

-.olb34 

-.49396 

-.03770 

• U5603 

-.02375 

-.34589 

10.22500 

.34621 

-.08619 

-.00271 

— • 504U3 

-.04268 

.04031 

-.02316 

-.34589 

10.42600 

.60787 

-.00910 

-•U0024 

-.51301 

— • 04700 

•0442b 

-.01990 

-.34589 

10.62600 

.61953 

-.:i8e24 

.00696 

-.52279 

-.05060 

.04785 

-.01598 

-.34589 

10. .02300 

.63120 

-.08546 

• 01 867 

-.53320 

-.05335 

.05094 

-.01141 

-.34589 

11.02500 

.64?0b 

-.u8q65 

.02932 

-.54406 

-.05512 

.05346 

-.00622 

-.34589 

11.22500 

.63452 

-.07570 

.04021 

-.55317 

-.05560 

.05532 

-.00043 

-.34589 

11.42300 

.606 18 

08455 

.05140 

- • 56630 

-.05326 

.05642 

.00590 

-.34589 

11.62500 

.67784 

-.05314 

• U6272 

-.37719 

-.05340 

.05669 

.01272 

-.34589 

11.82600 

.00950 

-.1)3946 

.07401 

-.38757 

-.05014 

« 1)5602 

.01994 

-.34569 

12.02300 

.70117 

-.1)3564 

•0766b 

-.59005 

-.0491(1 

.05570 

.02180 

-.34389 

12.07500 

.70408 

-*ui 923 

,U8776 

-.59938 

-.04396 

.05375 

, U2941 • 

-.34589 

12.27500 

.71574 

-.00(,&2 

.09423 

-.60754 

-.03732 

. 05066 

■ .03722 

-*.345A« 

12.47800 

.72741 

.o2oul 

.10796 

" -.61421 

-.02909 

.04642 

" .04512 

-.34589 

12.67300 

.73907 

.1.42'jO 

.11671 

-.C19U7 

-.01928 

•U4067 

.05297 

-.34589 

12.87500 

.75073 


.12422 

-.62182 

• -.00791 

.03398 

. 060b4 

-.34589 

13.07500 

.76239 

.09200 

.13021 

-.62214 

.00496 

• 02566 

.06 799 

-.34589 

13.27500 

.77405 

. 1 1 85*'. 

. 1 34 39 

-.61974 

.01925 

.01590 

.07485 

-.34589 

13.47600 

.70571 

. I4570 

.13647 

-.61435 

.03485 

.00460 

.08106 

-.34589 

13.67500 

•7«738 

. 17300 

.13013 

-.80572 

.05162 

-.00826 

. 0Rt>45 

-.34589 

13.87500 

• ;s0°04 

.19997 

.13306 

-.593o4 

.06936 

-.02271 

.09063 

-.34589 

14-, 07500 

.82070 

.22602 

.12693 

— • 5 7792 

.08787 

~ -.U3878 

. 09404 

-.34589 

*' 14.27500 

.83236 

.25062 

.11744 

-.55843 

• 10689 

-.05647 

.09589 

-.34589 

14.47500 

.84402 

.272 7b 

.10424 

-.53515 

.12613 

-.07576 

.U9622 

-.34589 

l4.t»7 r >00 

.gSSt>9 

.29195 

.05703 

-.bOfciH 

.14527 

— . 09662 

.09489 

-.34589 

14.87500 

.86735 

.30727 

.06549 

-.477o« 

.16396 

-.11900 

.09176 

-.34589 

15.1)7500 

.87901 

.31783 

.0 39 34 

-.4424 1 

.18185 

-,1427b 

.08681 

-.34589 

15.27600 

.89067 

.32260 

.00430 

-.4044i 

. 19056 

-.16781 

.07998 

-.34589 

15.47300 

.90233 

.32147 

-.01433 

-.37375 

.21010 

-.18726 

.07368 

-.34589 

15.62500 

.91108 

.31917 

-.03771 

-.35238 

.21723 

-.20048 

.06895 

-.34589 

15.72500 

•91b91 

.514 }'*• 

-.05443 

— . 3 3 U 32 

.22304 

-.21383 

.06383 

-.34589 

15.82600 

.92274 

. JU744 

-.UgU46 

— . 30 7o2 

.22999 

-••12727 

. U5837 

-.34589 

13.92500 

.92837 

. 2*9324 

-.10388 

-.28434 

.23654 

-.24069 

.05262 

-.34589 

16.02500 

.93440 

.20662 

-.12602 

-.260 b4 

.24050 

-.23403 

. 04664 

-.34569 

16.12500 

.94023 

.2/24 7 

-.15448 

-.23626 

.24486 

-.26716 

.04051 

-.34589 

16.22500 

.94606 


00 

00 



Table 5 (continued) 


F 

FP 

FPP 

G 

GP 

FPPP 

GPP 

HI 

ETA 

'lo. 32500 ' 
lo , 42500 
16.52500 
16,62500 
lo. 72500 
16.82500 

Z/S 

.95100 
.96773 
’ .96356 
.96939 
‘ .97522 " 
.98105 

.87943 

.90 4’jh 

•S2o5« 

.94663 

.96<|ol 

• 25"5n4 
.236U2 

-.13209 

-.21066 

■*211bo 
-• lfibbt. 

.24861 

.26173 

-.27996 

-.29226 

.03434 
.02022 
.02229 ' 
.01670 

-.34569 

-.34569 

-.34589 

-.34589 

“ .21347 
.16709 

' -.£9047 
-.£7141 

-.16120 

-.13573 

.26426 

,25620 

-.30392 

-.31470 

• 15$ 16 
« 12716 

-.30336 

-*33u24 

- .1 1 0 u 3 ~ 
-.08422 

.25761 

.25854 

-.32436 

-.35263 

.01160 

.00718 

-.34569 

-.34589 

• 99662 
.99900 

.09168 

.05320 

.0Uu7 

-.3£ 984 
-.40401 
-.43031 

-.03834 

-.03247 

-.00646 

.25908 

.25931 

.25936 

-.33920 

-.34372 

-.34580 

.00363 

.U0118 

.00005 

-.34589 

-.34589 

-.34589 

16 .9250fj 
17.02500 
17.12500 

.98688 

.99271 

.90854 



TABLE 6 


S = 17.15 


Syst e m 3 


F 

rp 

FPP 

G 

GP 

FF’PP 

GPP 

H 2 



w *tl. • CuOoO 

. , n . U 0 0 U u 

. 1 | 792 

*00000 

.82131 


21935 

(1 0 0 0 0 

-.10967 










■FT A P05 

Fwi.f T Z/S 

DiSK .UllUOO 

•OuOUO 

-.22321 

•OOOun 

.02131 

.£1935 

. u 0 0 0 0 

-.11)967 

• OliuOO 

• Olifi 00 

-•oOlOrf 

-.U2123 

-.20146 

• 002 u 6 

.01925 

.21613 

-.03940 

-.10967 

.10000 

. O||503 

Ju417 

-.04030 

-.17993 

.003/4 

.01375 

.21464 

-,068d9 

-.10967 

.20000 

. 011(6 

uu907 

-.05722 

-.15050 

.00473 

.00877 

.21430 

-.08934 

- • 1 09f>7 

.300 0 0 

.61749 

-.015 55 

-. 0 / 2.00 

• -.13706 

„ 00484 

-.00384 

.21452 

-.10167 

-.10967 

0 4 J u 0 0 

.02332 

-•u^34a 

-• OdZ*o3 

-.11559 

.00393 

-.01433 

.21470 

-.10691 

-.10967 

.5061,0 

•02915 

- « U3240 

-.00512 

-.09414 

.00196 

-.02502 

.21426 

-.10613 

-.10967 

.60000 

. 034Q9 

-.4*4235 

-.10348 

-.07278 

— • 0 0 1 (j 6 

-.03539 

.21270 

-.10045 

-.10967 

. 7 0 U 0 0 

.04002 

-.(,5302 

-* 10908 

- • U5l6b 

— »00bu9 

-.04499 

•20960 

-.09096 

-.10967 

.00000 

.04668 

-.u6i.il 

-.11300 

-.03092 

— * Ul0u2 

-s 05349 

.20467 

-.07673 

- . 1 09n7 

*90 it 0 0 

.05246 

-.u?57? 

-.U5ort 

-.01078 

-.01574 

06067 

.19770 

-.06473 

-.10967 

~ 1 .00000 

.05631 

-•06733 

-.11599 

* UOdSb 

-.02211 

-.1)6641 

. 18865 

-.04982 

-.10967 

1,10000 

.06414 

— . 09886 

-.111,21 

.02688 

-.02097 

-e 07U63 

.17755 

-.03474 

-.10967 

1 *201100 

.069^7 

-.11011 

-. 11 06 b 

•U44UU 

-.03619 

-.07337 

.16456 

-.U20U6 

-.10967 

1 .30000 

.075PU 

-.12003 

-.1054b 

• 05974 

-. 043t>0 

-.07467 

.14991 

=700624 

-.11)967 

1 .40060 

.06163 

-• 131 15 

— . 09&76 ... 

.07394 

051 dp 

-.07465 

.13391 

.00641 

-.10967 

1,50000 

.08746 

-.14267 

-.00852 

•0893b 

-.06032 

-.07296 

.11251 

.02029 

-.10967 

1.62500 

.09475 

-.isa6s 

— * 06864 

.10928 

- . 07437 

-.06706 

.07669 

.03777 

-.1 0967 

1.82500 

.1064/1 

-.17012 

-.04569 

.12005 

— e 08695 

-.05H22 

.U9127 

.0497? 

-.10967 

2.112500 

.neoe 

-.17802 

-.02108 

.12497 

-.09754 

-.04748 

.00849 

. 057U6 

- • 1 09c>7 

2.22500 

.12974 

-.17863 ■ 

’ ’.00369 

.12373 

- • 10b87 

-.03564 

-.o 26 Il 

.06088 

-.10967 

2.4250 0 

. i 4 1 4 0 

-.17531 

.02607 

•11720 

-.11177 

-.02331 

-• 04368 

.06208 

-.10967 

2.62500 

.15306 

-.16 742 

. uSObi 

.10661 

-.11519 

-.01092 

-.06200 

• 0 6 1 b 3 

— . 109(,7 

2.6^500 

.16472 

-.15527 

.37050 

• 0926o 

-.llolb 

.00122 

-.07525 

.05969 

-.10967 

3.02500 

.17638 

. -.13902 

.08749 

•07682 

-.11473 

.01289 

-.08391 

• 05687 

-.10967 

3.22500 

. 18P05 

— • 12u50 

. 10114 

• 059IT0 

-. 1 1 1 U 4 

.02391 

-.06862 

.05324 

-.10967 

3,42800 

. 19971 

-.09**0 

.11126 

.04159 

-.10522 

.-03413 

-.09003 

.04667 

- • 1 09r>7 

3.J.25O0 

.211’, 7 

-,07o24 

.11/77 

.02367 

-.097 4 ‘j 

.04341 

-.00876 

.04378 

-.10967 

3.02500 

.22303 

-.u5233 

.12076 

.unGzo 

-.0117-1 j 

. 051b0 

-.U8534 

. 0 3 A u 3 

- . 1 09(j7 

4.02-jOO 

.23469 

• -.U2S17 

.12032 

-.01035 

-.07669 

• 05856 

-.08022 

.93168 

I09b7 

4.22500 

.24636 

"'-.00441 • 

.11669 

-.02577 

-.06459 

.06423 

-.07375 

.02473 

-.10967 

4.42500 

. 217802 

• i'l83l 

.lion 

-.03978 

-.05130 

►06844 

-.06618 

.6*1737 

-.10967 

4 .62500 

.26968 

.u394b 

•londd 

-.05210 

-703731 

.07fT5 

-.1,5770 

.00970 

-.1(1967 

4.82500 

.281 34~ 

.15851 

.08935 

-• U62ul 

- . 02294 

.07231 

-.04848 

.00187 

-.10967 

5.02500 

•29300 

•U75u8 

.07589 

-.07152 

-.00849 

.07190 ' 

-« u3856 

-.00597 

-.10967 

5.22600 

.'3046b 

.1,8876 

• 06003 

-.07819 

.00572 

.06994 

-.02812 

-.01362 

-.10967 

5.42500 

.31633 

.09^34 

• 0^475 

.’C-* 4 * 08274 

.01936 

. 06648 

-.01727 

-.02093" 

'-.10967 

■ 5.62500 

.32799 



Table 6 (continued) 


F 

FP 

FPP 

G 

GP 

FPPP 

GPP 

HI 

ETA 

z/s 

. Iufi 62 

.02793 

-.08508 

• 03221 

.06160 

-.00616 

-.02771 

-.10967 

5.82500 

.33965 

.ilA5o 

.01067 

-.00520 

.04396 

.05544 

.00502 

-.03380 

— . 1 0967 

6.02500 

.35131 

.Iio90 

-.006°° 

-.08309 

.05031 

.04014 

.01601 

-.03904 

-.10967 

O.22500 

.36297 

.10814 

-.02222 

-.0781)2 

.06313 

.03989 

•U2652 

-.04329 

-.109o7 

b. 42.500 

.374h4 

.10216 

-.03739 

-.07253 

.07022 

.03090 

.03621 

-.04044 

-.10967 

6.62500 

.38630 

.09jid 

-.05111 

06442 

.07505 

.02139 

.04469 

-.04838 

-.1091.7 

6.82500 

.39700 

.■jS183 

-.06306 

-.U5476 

.07076 

.01 163 

.05159 

- • U4908 

- • 1 09(j7 

7.02500 

.40 Of-2 

. j6829 

-.07294 

-.04392 

.00010 

.00105 

.05649 

-.U4850 

-.109t,7 

7.22500 

.42128 

.u52nl 

- • cJSq57 

-.03232 

.07951 

-.00769 

.05906 

— . 04667 

-.10967 

7.42500 

.43204 

.‘iZ8U 

-.08505 


• 0 7 7 66 

-.01674 

.05901 

-.04367 

-.109o7 

7.62500 

.47/461 

» u 1 862 

~.u8a73 

-.00890 

.07266 

-.02509 

.05616 

-.03962 

-.10967 

7.82500 

.40627 

•u9376 

-.06947 

•uoiai 

. 06 709 

-.03253 

.05046 

-.03470 

-.10967 

8.02500 

.46793 

-.01 703 

-.08fll5 

.01110 

.05992 

-.0.5092 

.04203 

-.02914 

-. ln9o7 

a. 22500 

.479*9 

- * 03439 

-.U6516 

.01846 

.05159 

-.04416 

.03119 

-.02322 

-.10967 

8.42500 

.49125 

-.05151 

-.08093 

.02344 

.04230 

-.04821 

.01844 

-.01724 

-.10967 

0. 62*00 

.50262 

“ • 1 

-.07596 

.02575 

.03239 

-.05107 

.00449 

-.01153 

-.10967 

8.82500 

.51458 

-.001 IS 

-.07 q02 

.02522 

.02198 

-.05286 

-.00977 

-.00642 

-.10967 

9.02500 

.52624 

-.09596 

-.06606 

.02169 

.01131 

-.05371 

-.0232 b 

-.00223 

-.10967 

9.22500 

.53760 

-.10707 

-.06223 

. 0 1 6 U 3 

.00055 

-.05383 

-.05491 

.00000 

-• I09o7 

9.42500 

.54956 

-.12005 

-.u5s76 

.00813 

-.OIOI9 

-.05348 

-.04344 

.00240 

-.10967 

9.62500 

.56122 

-.lii?u 

-. 05^06 

— . U 01 Do 

-.02083 

-.05293 

-.04771 

.00273 

-.10967 

9.82500 

.,57289 

-.14330 

-.06o23 

-.01059 

-.03137 

-.05247 

-.04662 

.00161 

-.10967 

10.02500 

.58455 

— . 1 56 1 1 

-.06324 

-.01929 

-.04184 

-.05236 

-.U3924 

-.00069 

-.10967 

10.22500 

.59621 


-* 780 

-.02582 

-.05235 

-.05280 

-.02488 

-.00362 

-.10967 

10.42*00 

.60787 

-. ISilO 

-.07333 

-.02874 

- • 063ul 

-.05391 

-.00311 

-.00726 

-.10967 

10.625»0 

.6l°53 

-.10654 

-.0/896 

-.U2657 

-.07396 

-.05568 

.02613 

-.01035 

-.10967 

10.82500 

.63120 

-.21481 

-.08352 

-.01781 

-.08532 

-.05798 

.06260 

-.01231 

-.10967 

11.02500 

.64286 

-.23178 

-.08555 

-.OOU19 

-.09716 

-.06048 

• 10566 

'-.01225 

-. 109t>7 

11.22500 

.65452 

-.24875 

-.08334 

.02483 

-.10949 

- • 06268 

.15431 

-.00924 

-. 109d7 

11.42500 

.66618 

-.26476 

-.0 

•00092 

-.12217 

-.06391 

.20722 

-.00232 

-•10907 

11.62500 

.67704 

-.27818 

-.068? *3 

.10789 

-.13493 

-.06329 

.26274 

.00940 

-. ln» t) 7 

11.02*00 

.68960 

-.20750 

-.03/04 

. 16606 

-.14 729 

-.05978 

.31893 

•02670 

— . 109o7 

12.02500 

.Voli? 

-.28804 

- . 02233 

.10236 

-.15025 

-.05831 

.16634 

.03190 

- . 1 09r>7 

12.07500 

.70800 

-.*8931 

.01597 

.19413 

-.16113 

-.04-976 

-.03050 

.05315 

- . l riQt)7 

12.27*00 

.71574 

-.28232 

. 05336 

.17616 

-.1698$? 

-.03738 

— * 13650 

.06954 

— . 1 09o7 

12.47500 

.70741 

- .2t>632 

.08548 

.14358 

-.17591 

-.02242 

-.13152 

.07886 

- • 1 09h7 

12.67500 

.73907 

-.2‘.66o 

.11047 

.10607 

-.17879 

-.00631 

-.18000 

."08108 

m c )(i7 

12.07500 

.?5075" 

-.22464 

. 12797 

.06940 

-. 17844 

.00962 

-.17544 

.07740 

— . 1 P9n7 

13.07500 

.76239 

-.19768 

. 13848 

.03651 

-.17502 

.02436 

-.15259 

.06942 

-.10967 

13.27500 

.77405 

-..8905 

. 14290 

.00851 

-.10883 

' .03721 

-.12739 

.05675 

-.10967 

13.47500 

.78571 

-.14106 

. 14222 

-.01 *156 

-. I0029 

.04777 

-.10374 

.04673 

-. 109o7 

13.67500 

.79730 

-. 2 1304 

.1373/ 

-.03320 

-.1498s 

.05588 

-.08335 

.03439 

-.10967 

13.07JOO 

.60904 

-.08033 

.12918 

-.04613 

-.1381c, 

.06155 

-.06652 

.02245 

-.10967 

14.07500 

.02070 

-.06154 

.U832 

-.06002 

-.12501 

.06492 

-.05280 

.01136 

-* 1 09l>7 

14.27500 

.83236 

-.o391‘5 

.10534 

-.0*940 

— .11 <£<£7 

.06617 

-.04128 

.00139 

-.10967 

14.47500 

.84402 

-.01952 

.09071 

-.07661 

-.09907 

.06556 

-.03096 

-.00729 

-.10967 

14.67500 

.85569 

-.00295 

.07483 

-.1)8160 

-.00616 

.06335 

-.02081 

-.01460 

-• 106 r ,7 

14.07500 

.86735 

. 0 1 0.38 

_ .1)5013 

-.08400 

-.07382 

.05982 

— . 0u967 

-.02045 

-. 109o7 

15.l'7500 

.87901 


. 1)4 1 03 

- . o p 563 

-.06230 

.05527 

.1)0275 

-.02476 

- . 1 09o7 

15.27500 

* i}v»0t\7 

.026 7 8 

.u240o 

-.00362 

-.05176 

.05002 

.01779 

-.02743 

-.10967 

15.47500 

.90233 

.02940 

.01176 

-.07998 

-.04457 

.04583 

.03107 

-.02831 

-.10967 

15.62500 

.91108 

.U30?4 

.00390 

-.07039 

-.04013 

.04299 

.04100 

-.02833 

-.10967 

15.72500 

.^1601 

.03^6 

-.04346 

-.07175 

-.035 97 

,04018 

.05184 

-.027.91 

-.1 09b7 

15.02500 

.92274 



Table 6 (continued) 


F 

FP 

FPP 

G 

GP 

FPPP 

GPP 

HI 

ETA 

z/s 

•0225£ 

-.01030 . 

-.u^y 

- . 03209 

.03743 

06362 

-.02704 

-.10967 

15.92500 

.92857 

■02821 

--01664 

-.U 5700 

-.02648 

.03479 

.07633 

-.02572 

- . 1 09o7 

16. ©2500 

.93440 

.02626- 

-.02210 

-« 05Ub9 

-.02613 

.03230 

.00995 

-.02390 

-.10967 

16. 12500 

.94023 

. 02&J1 

-.02673 

-•UUU9a 

-.02201 

.03000 

.10439 

-.02105 

-.10967 

16. 22500 

.94606 


-^3028 

-.U297y 

-.01912 

.02794 

.11953 

-.01937 

-.10967 

10..32500 

.95190 

. 0 i 780 

-.03263 

-..01 706 

-.01642 

.02614 

.1351b 

— . uib6i 

-.10967 

16.42500 

.95773 

.01447 

-.03364 

, -.00276 

- ■ 01388 

.0246? 

.15100 

— • 0 1 366 

-.10967 

16.52500 

.96356 

. o' 1112 

-.05313 

,01314 

-.01140 

.02341 

Tigbbb 

-.01062 

-.109t>7 

Id. 62500 

.96939 

.00'/ 90 

-.(}309o 

.03066 

-.00915» 

.02250 

.10163 

-.00764 

-.10967 

16.72500 

.97522 

.0049? 

-.02657 

• 0494id 

- • 006JJ7 

•021S7 

.19526 

-.00409 

-.10967 

lb. 62500 

.98105 

.00257 

--1U1 03 

.06564 

-.00401 

.02151 

.20675 

-.00255 

-.10967 

16. 92500 

.98640 

.COOS5 

-.fttJDi 

.09066 

-.0026(6 

,02134 

•21510 

-.00005 

-.10967 

17.02500 

.99271 

-50004 

-.00288 

.11243 

00053 

.02131 

.21916 

-.00004 

-.10967 

17.12500 

.99054 , 



TABLE 7 


S = 30 
System 1 


VELOCITY AND SHEAR STRESS PROFILES 


POSITION RELATIVE- 

-TO WAU 

F 

FP 

_ . FPP . 

I 

z/s 

ETA 

w 

GP 

GPP 



NUE 




1 

.00000000 

.00000 

,00000000 

.onooonon 

-.16534420 



1.00000 

.00000000 

.00000000 

.13566461 

5 

.00333333 _ 

. - .10000 

- -.00081034 

-.01604317 

-.15552212 



1.00000 

.U0162069 

.01356628 

.13565736 

9 

o 0Ub6b667 

.20000 

-.00317594 

-.03110559 

-.14573501 



1.00000 

.00635188 

.02713007 

.13560834 

13 

.01000000 

.30000 

-.00699894 

-.04519241 

-.13601504 



1.00000 

.01399788 

.0406853? 

.13548063 

17 

.01333333 

- .40000 

-.01218217 

-.05831182 .. 

-.12639154 



i.ooooo 

.02436434 

.0542225) 

.13524240 

21 

o 01666667 

.50000 

-.01862942 . 

-.07047483 

-.11689120 



1.00000 

.03725884 

.06772921 

.13486674 

kb 

.02000000 

.60000 

-.02624570 

-.08169497 

-.10753822 



1.00000 

.05249141 

.0811905J 

.13433143 

29 

.02333333 

.70000 

-.03493751 

-.09198811 ... 

-.09835452 



i.ooooo 

.06987502 

.09458957 

.13361859 

33 

• 02666667 

.80000 

-.04461302 

-« 10137210 

-.08935390 



1.00000 

.08922604 

.10790786 

.13271434 

57 

*03000000 

.90000 

-.05^18230 

-.10986699 

-.08057219 



1.00000 

.11036461 

.12112572 

.13160857 

41 

.03333333 

1.00000 

-.06655749 

-•11749405 

.“*07200736 



l .ouuuo 

.13311499 

. 13422263 

.1302945? 

4b 

« 03b6o667 

1 *10000 

-.07865296 

— • 12427630 

-.06367974 



1.00000 

.15730591 

.14717755 

.12876850 

49 

*04000000 

1.20000 

-.09138542 

-.13023833 

-.05560195 



l.OOOQO 

.18277085 

.15996923 

.12702956 

53 

.04333333 .. 

1.30000 

-,10467412 

-.13540547 

-.04778517 



Table 7 (continued) 


z/s 

ETA 

F 

FP 


NUE 

W 

GP 




1.00000 

-■ .20934825 

.17257642 

57 

.04666667 

1.40000 

— « 1 1644 091 

-.13980439 



1.00000 

.23688181 

.18497813 

61 

.05000000 

1.50000 

-.13261031 

-.14346261 



1.00000 

.26522063 

.19715387 



1.70000 

-.-16186921.. 

14867071 



1.00000 

.32373842 

.22074865 

69 

<*06333333 

1*900(10 

-.19190421 

-.15126319 



1.00000 

.38880842 

.24321169 

73 

.07000000 

2.10000 

-.22221612 

-.15148033 



1 .00000 

.44443225 

.26441096 

77 

_ *0 7b6o6b.7_ 

2.300U0 

—-.25235423 

14956589 



1.00000 

.50470846 

.28423211 

81 

.08333333 

2.50000 

-.28191666 

-.14576414 



1.00000 

.56583353 

.30258205 

85 

.09000000 

__ 2.70000 

-.31055021 

-.14031713 



1.00000 

.62110043 

.319388/2 

89 

# 09b6b667 — 

— 2.90000 

-—33794967 

-—13346219 



1.00000 

.67589933 

.33460144 

93 

.10333333 

3.10000 

— .36385661 

-.12542979 



I. 00000 

.72771323 

.34819046 

97 

.11000000 

3.30000 

-.38805789 

-.11644157 



1.00000 

.77611577 

.36014608 

. 101 

* 1 ib6obb7 

3.50000 

-.41038363 

— . 1067087U ... 



1.00000 

.82076725 

.37047756 

10 5 

.12333333 

3.70000 

-.43070504 

-.09643045 



1.00000 

.86141007 

.37921158 

109 

.13000000 

3.90000 

-.44893190 

-.08579307 



l.ounoo 

.89736378 

. 386*390 7? 

113 

0 I366l>666 

4o 10000 

-.46500984 

-*0749b8B2 



1.00000 

,93001968 

.39207168 

117 

.14533333 

4.30000 

-.47891751 

-.06411535 



1 . 00000 

.95783501 

.39632352 

121 

•15U0U000 

4.50000 

-• 149066357 

-.05337521 



1.00000 

.98132713 

.39922561 

12? _ 

0 15b6o6b7 

.. 4.70000 

50028366 

-.04287563 



l.nonoo 

1.00056732 

.40086681 

129 

* 16333333 

4.90000 

-.-50783735 

-.03272847 



1 .00000 

1.01567470 

.40134168 

133 

•17UOOUOO 

5.10000 

-.51340502 

-.02303033 



1.00000 

1.02681004 

.40075076 

137 

• l7bbo6b7 

5.30000 

-.51708489 

-.01386290 



1 .nuooo 

1.03416978 

.39919794 

141 

.16333333 

5.50000 

-.51899006 

-.00529337 



l.OUOOO 

1.03798012 

.39678906 

145 

• 19000000 

5.70000 

-.51924568 

.00262496 



1.00000 

1.03849135 

.39363052 

my 

..*I9b6o667. 

5.90000 .. 

.-•51798619 

—..00985205 



1.00000 

1.03597237 

.38982794 

153 

.20333333 

6.10000 

-.51535281 

.01636027 



1,00000 

1.03070562 

.38548496 

157 

.21000000 

6.30000 

-.51149110 

.02213359 



1.00000 

1.02298220 

.38070219 

l6l „ . 

.21666667 .. .. 

6.50000 _ 

.-..50654874 

.02716668 


FPP 

GPP 

• 12507918 
— 04023916 

.12292100 

-.03297232 

.12056056 

_r.t 01930352 

.11526284 
-.00682184 
. 10925R78 
.00444710 
.10263703 

..... 01449353 

.09549668 
.02332202 
.08794263 
. .03095013 
.08008189 
— .03740702 

.07202059 VO 

.04273215 45- 

.06386157 
•04697397 
.05570254 
— .05018860 
.04763460 
.05243859 
.03974123 
.05379164 
.03209755 
. .05431943 

• 02476J178 
.05409645 

.01781510 

•05319R90 

.01128150 

.051703 70 

.00520792 
.04968750 
-.00037547 
.04722587 
-.00544699 
..04439248 .... 

-.00999294 

.04125842 

-.01400710 

•03789161 

-.01749018 

— . 03435629 

-.02044916 
.03071262 
-.02289669 
—.02701628 
-.02485039 
« 02331 830 



Table 7 (continued) 



z/s 

Eta 

F 

FP 

FPP 



nue 

W 

GP 

GPP 



1.00000 

. 1.01309740 

.37557627 

-.0?633?2? 

165 

.2300U000 

6»900U0 

-.49401139 

.03503834 

.01609711 



1 . nuouu 

. yB8022 11 

« 36465700 

-.02796574 

169 

.24333333 

7 » 3(J 0 0 0 

- .47889200 

. *04010909 

* U0935B7? 



1.00000 

.95770399 

.35339373 

** -.02809473 

.173 

.. #25666667 

7.7U000 

- -.46226565 - 

- * 04262080 

... #0 0333402 



l.nonuo 

.92453130 

.34235167 

-.02692564 

177 

•27U0U0U0 

0.10000 

-.44509423 

#04289252 

-.00182129 



l.noooo 

.89010045 

.33190654 

-.02475655 

lbl 

.20333333 

0.50000 

-.42620142 

.04129154 

-.00602030 



1 .0(1000 

.05640284 

# 32264306 

-.02186216 

lab 

*2966o667 . 

8*90000 . 

41225072 

_ *03820756 

00923638 _ 



1*00000 

• 82451744 

.31455863 

-.01650174 

lay 

.31000000 

9.30000 

-.39778104 

#03403048 

-.01149344 



1.00000 

.79556207 

.30787239 

“.01490987 

19 5 

.32333333 

9.7Q0U0 

-.33513035 

•02913225 

-.01285565 



1.00000 

.77026070 

.30263451 

-.01129003 

197 

-- *3366d667 

lo.iuoao 

-f. 37452580 _ 

. .02385282 

— — » 01341706 -- 



1.00000 

. 74905176 

.29082147 

-.00781074 

2U1 

»35.oouooo 

10.50000 

-.36605898 

•01849020 

-.01329177 



1.0U000 

.73211795 

.29634941 

-.00460412 

20b 

.36333334 

10.90000 

-.35971127 

•01329428 

-.01260494 



l .noooo 

.71942253 

.29508886 

-.00176623 

2U9 

»37b6bbb7 

11.30000 

- -.35537457 

•00846399 

-.01148493 



l.ooaoo 

.71074915 

.29487865 

.00084084 

21b 

•3900U000 

11.70000 

. -.35287137 ■ 

.00414740 

-•01005665 



l.noooo 

.705 74273 

.29653981 

.00256587 

217 

• 40333334 

12.10000 

-.35197467 

#00044422 

-.00843635 



1.00000 

.70394935 

.29 608527 

.00406459 

221 

«4l66b666 

12.50000 

-.35242663 

-.00258997 

-.00672772 



1.00000 

.70485325 

•298731b0 

.00509533 

22b 

• 43UOUOOO 

12.90000 

-.35395503 

-•00493806 

-.00501931 



1.00000 

.70791005 

.30090661 

.00571462 

229 

#44333334 

13*30000 

-.35628749 

— • OObbl 514 

-.00338325 



1.00000 

.71257499 

.3032552? 

*00597307 

23b . 

*45666666 

... 13.700U0 

_ -.35916300 __ 

,.-•00766180 

00187519 



l.noooo 

.71832600 

.30564506 

.00593163 

237 

•47U0O0U0 

14.10000 

-.38234079 

-.00813779 

-.00053547 



1.00000 

.72468157 

.3079b96? 

.00565862 

241 

0 48333333 

14.50000 

-.36560607 

-.00811633 

• 000608-37 



1.00000 

.73121373 

.31015084 

.00522741 

24b 

*•49666667 

14.90000 

, -j 36877847 . . 

-•00767972 . _ 

.00153762 .... 



1.00000 

.73755694 

.31214071 

.00471499 

POSI 

T ION RELATIVE 

TO DISK 

F 

„ FP 

FPP 

1 

2/S 

ETA 

NUE 

w 

GP 

GPP 

1 

• onuoijooo 

. OuOOO 

.1)0000000 

#00000000 

.47249216 



1.00000 

.00000000 

1.00000000 

-.52405271 

b 

#00333333 

.10000 

.00221649 

.04291293 

.3074652? 



l.oooao 

-.00443299 

.94774297 

-.51969479 

9 

#00666667 

.20000 . 

.00831568 

. • 07782247 .... 

.31231881 .... 



Table 7 (continued) 



2/S 

ETA 

F 

FP 

FPP 



NUE 

w 

GP 

GPP 



1,00000 

-.01663175 

.89630630 

-.5079677? 

15 

.01000000 

. 300u0 

.01754613 

.10568406 

.24639221 



l.oonoo 

-.03509226 

. 846335 V? 

-.49064209 

17 

.01333333 

♦40000 

.02924741 

.12738492 

. .18898529 



l.ooooo 

-.05649482 

.79B31503 

-.4691936? 

kl . 


.... b 0 0 0 0 ... 

.04284504 

. *14374124 __ 

- -.13938221- - 



1.00000 

-.08669008 

.75259345 

-.444Q447? 

Zb 

.02000000 

.61)000 

.057»424U 

.15649770 

.09607001 



1.00000 

-.11568481 

.70940907 

-.41860045 

29 

.02335333 

.70000 

.07381380 

.16332838 

.06075283 



l.ooooo 

-.14762759 

.66890907 

-.39127984 

35 

•02b6o667 . 

.80000 

• U90 39749 

.16783912 

-.03036254 _ 



1.00000 

-.10079498 

.631 lb603 

-.36354309 

37 

. 03000000 

.90000 

,10728905 

•16957065 

.00506631 



1.00000 

-.21457809 

.59619669 

-.33591545 

m 

.03333333 

l.OuOOO 

.12425502 

.16900238 

-.01572841 



l.ooooo 

-.24847004 

. 56396630 

-.3D8R0795 

45 

.. • 03b6o667 

— 1.10000 

.14102700 

. .16655666 

-.03257085 . . 



l.ooooo 

-.28205400 

.53440710 

-.28253546 

49 

.04000000 

1.20000 

.15749614 

.16260309 

-.04596561 



l.ooooo 

-.31499229 

.50742348 

-.25733243 

53 

.04335333 

1.30000 

.17350812 

.15746308 

-.05637261 



1.00000 

-.34701623 

.48289940 

-.23336641 

-57 

•Q4b6b667 - 

— 1.4U000 

-...18895850 

-.15141425 

- -. 06420602 



1.00000 

-.37791701 

.46070518 

-.21074986 

bl 

.0500U000 

1.50000 

.20376865 ' 

.14469469 

-.06904586 



l.ooooo 

-.40753729 

.44070216 

-.10955015 

bb 

o0566b667 

1.70000 

.23126020 

• 13U02285 

-.07582774 



1,00000 

-.46252041 

.40669418 

- . 15149693 

69 

.06333333 

1.9UOO0 

.25673608 

.11471260 

-.07655790 



1,00000 

-.51147214 

.37972341 

-.11913826 

73 

.07000000 

2.10000 

.27716131 

•09963366 

-• 0737647M 



1.00000 

-.55432262 

.35868242 

-.09212249 

77 

•0766o6b7 

2.30000 

,29564330 

.08535386 

-.06875306 



1.00000 

-.59128659 

.34255240 

-.06993490 

ei 

.08335333 

2.50000 

.31137931 

.07221558 

-.06248542 



1,00000 

-.02275861 

.33042549 

-.05199180 

bb 

.09000000 

2.70000 

.32461 774 

.06039684 

-.05565370 



l.ooooo 

-.64923549 

.32151245 

-.03769800 

89 

•09b6b667 

2.90000 

.33563028 

.04995919 

-.04874010 



i.nnnoo 

-.67126057 

.31514104 

-.112648400 

93 _ 

_ a i0333333 

3.10000 

,34469240 .. 

.04088450 

_ -. 04206676 - 



1 . noooo 

-.60938400 

.31074855 

-.01702637 

97 

• HOOOOOO 

3.30000 

.35207035 

.03310279 

-.03583607 



1.00000 

-.70414070 

.30787127 

-.01125910 

101 

» 11666667 

3.50000 

.35801299 

.02651277 

-.03016294 



1.00000 

-.71602598 

. 30bl 3267 

-.00637700 

105 

.12335333 

3.70000 

,36274708 

.02099687 _ 

02509946 - 



l.ououo 

-.72549415 

.30523132 

-.00283387 

109 

.13000000 

3.90000 

.36647512 

•01643172 

-.02065405 



l.ooooo 

-.73295024 

.30492932 

-.00033047 

113 

»l3b66666 

4.10000 

.36937501 

.01269539 

-.01680596 



l.ooooo 

-.73875001 

.30504172 

.00134631 

117 

,14335333 

4.30000 

.37160079 

.00967210 

-.01351606 



Table 7 (continued) 


Z/S ETA F FP 

NUE W GP 




1.00000 

-.74320158 

.30542707 

121 

.15000000 

4.50000 

.37328424 

.00725505 



1.00000 

-.74656848 

.30597917 

12b 

.15b6o667 

4.70000 

.37453678 

,00534790 



1.00000 

-.74907357 

.30662001 

i>Q 

4*1633.3333- 

4.90000 .... 

. -.37545168 - - 

.00386532 : 



l.ooooo 

-.75090336 

.30729382 

133 

.17000000 

5.10000 

.37610623 

.00273289 



1,00000 

-.75221246 

.30796221 

137 

• I7b6t>667 

5.30000 

.37656389 

.00188653 


l.ooooo 

-.75312778 

.30860000 

141 

.18333333 ... 

. . 5.50000 .. 

37667626 

... .U0127164 



1.00000 

-.75375251 

•3091 920A 

145 

.19000000 

5.70000 

.37708492 

.00084243 



l.ooooo 

-.75416984 

.30973071 

149 

• I9t>66667 

5.90000 

.37722304 

.00056043 _ 



l.ooooo 

-.75444607 

.31021348 

. .. 153 

.20333333 .... 

-6.10000 

37731678 ._ 

. .00039396 


1.00000 

-.75463356 

.31064170 

157 

,21000000 

6.30000 

.37738657 

.00031697 



1.00000 

-.75477314 

.31101915 

161 

.21666667 

6.50000 

.37744811 

.00030823 

l.ooooo 

-.75489622 

.31135117 

16b 

•2300UOOQ 

6.90000 

. .37759076 

.00042986 



1.00000 

-.75518156 

.31190376 

lb9 

.24333333 

7.30000 

.37780593 

.00065714 



1.00000 

-.75561187 

.31235047 

173 

.25666667 

7.70000 

.37812165 

.00092385 

1.00000 

-.75624330 

.31273817 

177 

.27000000 

a.ino'oo 

. .37854436 ... 

... .00118607 

1.00000 

-.75708872 

.31310499 

lbl 

.28333333 

8.50000 

.37906578 

.00141307 

1,00000 

-.75813156 

.31347878 

185 

•29b66667 

8.90000 

,37966701 

.00158159 

l.ooooo 

-.75933401 

•31387709 

109 

.31000000 

9.30000 

. .38032068 

... .00167232 



1.00000 

-.76064134 

.31430779 

193 

.32333333 

9.70000 

.38099221 

.00166826 

1 ,nonoo 

-.76198442 

.3147699? 

197 

• J366b6b7 

10.10000 

.38164061 

• 0 0155420 

l.ooooo 

-.76328120 

.31525457 

201 

. 35000000 

10.50000 .. 

. 382.21914 

-...00131704 


1.00000 

-.76443829 

.31574553 

205 

.36333334 

10.90000 

.38267645 

.00094665 

1.00000 

-.76535290 

.31622016 

209 

• 37b6t>667 

11.30000 

.38295788 

.00043709 

1.00000 

-.76591577 

.31665014 

213 

.39000000 

il. 70000 

.38300748 

-.00021207 


1.00000 

-.76601496 

•3170025O 

217 

.40335334 

12.10000 

.38277046 

-.00099427 


l.ooooo 

-.76554091 

.31724076 

221 

* 41666666 

12.50000 

.38219626 

-.00189466 


1,00000 

-.76439252 

.31732647 

225 

.43000000 

12.90000 

...38124216 

-.00288891 


FPP 


.00241031 
-.01073480 
• 00 303717 
-.00840762 
.00332514 
-.00647991 
.00338138 
-.00489771 
.00328173 
-.0036113? 

.0030838? 

-.00257530 

.00283069 

-.0017491? 

.0025577? 
-.00109727 
,00227518 
-.00058907 ... 

.00201027 
-.00019840 
.00176879 
.000096U9 
.00165647 
.0004690? 
.00122818 
.00063954 
.00102507 
.00067612 
.00092937 
.00062241 — 

.00091636 
.00050307 
.00095989 
.00073153 
.00103487 
..00011604 .- 

.00111817 
-.00014170 
.00118878 
-.00043406 
.00122767 

-•00075597 

.00121768 
-.00109849 ... 

.00114363 
-.00144957 
.00099250 
-.00179355 __ 
.00075401 

00211131 

.00042119 
-.00238053 
-.00000879 
..-..00257.63a 



Table 7 (continued) 


y s 

^TA 

F 

I 

FP 

FPP 


NUE 

W 

GP 

GPP 




i, 00000 

-.76248433 

.31722104 

-.00053377 


229 

,44333334 

13,30000 

.37987719 

-,00394236 

-.00267201 




1,00000 

-,75975438 

.31688783 

-.00114576 


233 

,45666666 

13,70000 

.37808640 

“,0050095b 

-.00264048 




1,00000 

*>,75617279 

,31629474 

-.00183020 


1 

fo 

t* 

r 

. ti7nnnnnn 

_14,10000 

.37587517 _ 

0060342b 

“.00245539 




1.00000 

-.75175035 

.31541689 

-.00256528 

VO 

241 

,48333333 

14,50000 

,37327346 

“.00695019 

00209297 

CO 



1,00000 

-.74654692 

« 31423964 

-.00332166 


245 

,49666667 

14,90000 

.37033950 

-.00768237 

-.00153384 




1,00000 

-.74067899 

. 31276162 

-.00406233 




TABLE 8 


S = 30 
System 2 


..F. E£ EEE £ ftp FPPP ££fi HL 


WALL " 

J .00000 

•UUoUO 

-.46340 

• ououu 

.26678 

" • 

35530 

• 0 JOUU 

-.35530 











... Ll,. f'liS 

F‘</..CT Z/s 

DISK 

• Oouuu 

.OUUUU 

.15173 

•uouou 

-.31859 

-.35330 

.uOUOO 

‘-.35530 

• u u 0 0 U 

• U U G (J s) 



.01350 

.11927 

— ■ 031 81 

-.31/19 

-.29553 

.o27uu 

-,35530 

« 1 vU L'U. . . 



.00X60 

•u24u4 

.09239 ‘ 

— .UbhOb 

-.31339 

-.24320 

.U4831 

-. *SbMj 

« c. Jlll'tJ 

• JO60 7 


. 00543 

.03214 

.07038 

-.1)9443 

-.30 /68 ' 

-.19794 

• j65£ 0 

- , 54350 

. Jl-IJUU 

. IJluUO 


.OG£W» 

. U3826 

.05259 

-.12464 

-•30U46 

-. i59'ob 

,u780o 

-.bbbbll 

. ‘Uj i;uO 

.ulibb 


•01303 

. u42 /8 

.03838 

-0.15448 

-.292114 

.-,i2o07 

*06941 

- * .jbb JO 

• b L U 1 ' *J 

« 0 166 / 


.0174(1 

. u4603 

.02719 

-.l63^a 

-.2826a 

-.09849 

.uyaoi 


• ooUi.U 

• 02 JD J 


.02220 

• u4630 

. 0 1 852 

-.21090 

-.27250 

-*u757o 

.10484 

bbboU 

• /oU"u 

. U233-I 


.02711 

.o4?ao 

.01189 

-.23770 

-.261/3 

-• Uf)74ti 

.11019 


• (, 'JU t ! li 

. ij264 / 


.03X14 

.u5073 

.ooG9l 

-.26331 


-.04281 

. 11424 


. J 

, j‘iOI.0 


.03724 

•ubl23 


- • 28779 

-.23.492 

-*u3i5u 

.11715 

- * ibbbU 

1 • u U)J"U 

• j 


.04238 

.03141 

• u ufl 52 

-.31109 

-.22711 

-.u229S 

,119o(J 

— *bbbv>0 

1 . AoO'iU 

,03667 


• 047 52 

. u5i 36 

-•Ull 145 

-•S332U 

-.21515 

-.01670 

.11989 

— • bbbbU 

1 .ZoilUU 

• U4uuu 


.05264 

. u 5 1 1 4 

0u28a 

-.a5 418. 

-.20316 

-.ul229 

.11989 

-* ..VobbO 

1 •3vUnu 

• 


• a 57 ? 4 

•U5079 

— • uu395 

-.37384 

— • 19 120 

-.00935 

.il9uu 

- • v'j bb.Mi 

1 • 4 1; OO 0 

. u466 / 


• 06260 

.U5u35 

-.00479 

-.39236 

-.17937 

-.00 / j2 

.11746 

J53.10 


jlOS'JOo . . 


• tj ?2 7n 

. 0 4 92.6 

- ■ o06l 1 

-.42592 

-.15634 

-. 0u504 

.11238 

— « yji>3 u 

1 • 7 0 o 0 u 

8 u56b / 


•0824m 

.04792 

-. ik»730 

-.45499 

-. 13456 

-• uo6o ^ 

, iu52l 

.vin/MI 

1 .9i..mu 

, • u633b 


•U9l9l 

.04633 

- . uu8b4 

-.479S5 

-.11435 

-.uo634 

• u 9663 

bbb3l) 

2. looioj 

.0/000 


. i n l no 

.04458 

-*.ui»96e 

So i)85 

-.09596 

U0636 

.u8723 

-.J/bbbti 

^ • 3'jIM.U 

.0/667 


•1C57U 

.04241 

-.U1105 

-.51836 

-.0/948 

-.ou58b 

.07753 

- • bbbiO 

eL ®5t)yl)0 

.08335 


.11745 

. u4u09 

J1213 

-• b3277 

-.06494 

-.00484 

.06794 

-.^b.DJU 

_ ... <£• /tid'JU 

.09000 


. 12572 

• u3/5? 

-.01296 

-.5444b 

-.05226 

-•0Ub*+4 

.05873 

-*^bb30 

2.9oll(-0 

.096b/ 


.13247 

•uJ492 

**.ui 3*+^ 

-.S53fiu 

-.04139 

.rj.UUie£_ 

.ii5<)24 



. 


.13968 

• o3oi2u 

- . u 1 369 

-.56113 

-.03213 

-.00016 

■ ,u4245 

-..*bb30 

3.3uu'.'0 

• 1 1 ouu 


. 14585 

.0294? 

- * U1356 

- ■ 56b7b 

-.02435 

. U0141 

» u35h8 


5.5joOO 

,1166/ 


.15148 

o u£6#u 

— . U 1 3 1 4 

-.57096 

-.01789 

.00277 

.02933 

-• SSbJU 

^.7oULU 

a 1 1£ 3 3«J 


. 15658 

.42423 

-.01247 

-.57398 

-. Ui^S.7 

. 0U388 

. u2j99 

4Sbbl) 




.16118 

• u2 1442 

-.Ui 160 

-.57605 

-.00824 

• ut/4 7i 

.oi94u 

Jbb Mi 

4. almjIhJ 

• 13oo / 


.16532 

.01980 

-.aiObu 

-.5/734 

-.Uu47h 

. •.uy.jJfcB 

.ftUlSSl 

. -**.j‘jhbO 




. lbS'Oi 

• 01/ 59 

-.00952 

- . 5 7§UU 

-•00199 

• uu552 

.ill 22b 

-. .-ibb.-id 

H .SliiiMM 

• 1 b 0 U s) 


.17237 

.01579 

-.00041 

-.5/817 

. 000 lti 

* uu§5C> 

,00955 

-* bbbbO 

. .. . 4.7oUIO 

.1566/ 


. ±7536 

.01422 

— • u U 7 3 1 

-.5/796 

. 00186 

• uu54(j 

.00734 

- • /bbbO 

4 • 9 J 0 * 1 0 

.16335 


. i 7607 

.U128C 

-.00626 

-.5/746 

. illl31 4 

tiiu.5aa_ 

.00556 


5 . 1...M1U 



® 1 3tf 52 

.01171 

-.uu529 

-.5/673 

•Uy4ll 

.00404 

a u(J4l3 

-.Jbb.Mj 

5 .3uUuu 

.176b/ 


.182/7 

•U1074 

-.UU'+4i 

-.5/583 

.00402 

. U04 i 1 

,00301 

jfibbO 

5.5 u ijuU 

,18333 


a i S*»P3 

. Uu994 

-• UU36^ 

-.57461 

.00533 

.Ou352 

.0021*1 

-.3563(1 

C.Voooo 

• 19 uU J . 


.18675 

. Uo927 

-.40301 

-.5/371 

... ...on 563... .... 

.... .uo291. 


-.36430 


.1960/ 


. 18885 

• uUft73 

-.00249 

-.57^55 

.00592 

.01)229 

.uiiu95 

- 0 bbbbO 

6 • 1 u U 1 1 (J 

. 2 0 355 


• 1 9025 

.00827 

-. Uu2il9 

-.57134 

.00607 

.00,167 

• him ,56 

— • A b ( 1 


. 2 1 on 1 


. 1 9l$o 

.00788 

•".uulSte 

-.5/012 

. I)u6i5 

• uOlGci 

.0(1026 

-.bbhbO 

6.5ouuU 

• <dl6o / 


.19488 

.00721 

-.oolGu 

-.56765 

.011617. . 

tuuooi 

-,U»ol6. 

... 

. 6* 9skhiO. . 

.25000 .. . 


.19763 

• 0u655 

-.00178 

-.56520 

.00604 

- • U U 0$ 7 

-,m0uL7 


7.31; ooii 



.200C9 

.00574 

-.00227 

-.56283 

. _»00S79 ..... 

-.ouiSh. 

0UU79.. 

-.35530 

... 7,/oJOO 

.25667 



Table 8 (continued) 


F 

FP 

FPP 

G 

GP 

FPPP 

GPP 

HI 

ETA 

z/s 

.202-19 

.uOo/o 

~*uozyy 

“® b6ut>9 

a 00 540 

-.00199 

tfOllb 

-.33530 

ioiU'lJ 

. 2 7 0 0 0 




„ ^h/153 



-. nn 1 59 

-./Lhb.Ali . 



. 2 P. VV'. 

.20481 

. 001 o 2 

-.00473 

— o Db6/3 

.00412 

-.06222 

— .,<(7211 

-.bbbbU 

ti •9u-if'0 

, 29ob / 

*205 Or. 

-.00044 

-.00559 

-»•* bbbZb 

.00316 

. . -,uo 201 

-.JJi)2£>9 

-♦.ibbbU 

y • b u j 

c b lu 0 J 

.20442 

-.00233 

-.00631 

-.55423 

*00197 

uui 5b 

-.00328 

- 0 /»bbi(J 

y 07u*luO 

• 3 ti b b b 

.2 u27-o 

-.00546 

-»006#3 

-.55372 

.UU054 

_ -.00097 

-.003E6 

“■ * b b b 3 0 

1 >J • A v u b u 

,3866/ 

.20002 

-.00825 

-.00 70S 

-.53383 

— * uu 1 1 1 

-.uool7 

-.uu436 

-0 bbbqi) 

1 o 0 5 j i Mj n 

. 35 JUu 


04 3 07 

-.00694 


-.nii^Qa 

. Ij(j 6 7n 

— . 01)475 

-..13330 

1 o.'l.iOIIU 

. b£3bb 

.19119 

-.01375 

-.00642 

-o L5 D(jJ.9 

— » o u b‘i 

.00185 

-.01)447 

— • bbbbO 

1 1 « 3 1/ ij ^ u 

.57667 

. 1 852(1 

-.01814 

-.00545 


-n.UL)Sdb 

.,60299 

-.06496 ... . 

...= ,32350 

ll,7uuuU ... 

. ,a5>j0j. .. 

.17834" 

-.01905 

-.00402 

-.36169 

-. ou 882 

* 0u4io 

-.00474 

bbbbO 

la a AoUuO 

.40333 

. 17004 

-.01930 

-.00213 

-o bobbfl 

-,ol06(l 

■ 00527 

-,004i4 

“ 0 b b b l) 

1 d • b J Ij '■) u 

»4loo / 

. i6301 

-.01970 

.00018 

-.67013 

-.01210 ' 

.00627 

-.00328 

-.bbbbn 

12.9601)0 

.4304 J 

. xb522 

-.01910 

.00286 

-.37520 

-.01318 

.00707 

=4,00209 


U.ay'OW 



. 14788 

-.01738 

.00580 

-,3fln60 

-.01373 

. 0u7 59 

-.00061 

-obbbbu 

1 Jal UUljU 

# t +5'o6)7 

. 14448 

-.01444 

.00889 

-.38810 

-.01363 

.00775 

.00114 


1h * Au Jfili 

4 i ? J U J 

•l3u49 

-.01027 

.01195 

-.59141 

-.01279 

.00/47 

.00309 

— , 333.14 

1 h * 5i»in>u 

• 4o Jbb 

. 1334? 

U 1)4 91 

. oi479 

-.5962.3 

-.•Ill'll 4 

•UU669 

.00518 


. l4.9ut)6U ._. 

. *4 /. . 

.13271 

.00152 

.01728 

-.60021 

-.00063 

.00354 

.00729 

- 0 bbLoO 

13.3u0li6 

,51ooo 

. i347 5 

* 00682 

.n i Q12 

-.60303 


.ifnV.r, 

JHi932 

"«bl)bbU 

-iS^T^iiljJ 



. (398h 

.01889 

.02006 

-.60436 

".UUlZZ 

.ou'109 

.01112 

- • b b b b 0 

1'). iotJUU 

.63d), 7 

. i48i2 

.02473 

.01993 

-.50392 

.00333 . 

. . -.00183 

...... .01253. 

-* bbbbU 

16.5vU'iO 

« 55vJ(Jij 

. IS9S8 

.03547 

.01455 

-.60146 

.008/4 

-.00510 

.01341 

— 0 .i .j b b (J 

1 6. 5>'< ;»«*<) 

*5t> bib 

. 17394 

.03939 

.01582 

-•Dy<>yu 

.01417 

-.00859 

.01361 

— o. bbhbU 

J 7 # 3'., .1'itj 

» b / 0 h 7 

. )509l ' 

,'0*4493 

« ji 169 

-. 59015 

.uiybz 

* > 0 JLa»)d 

,0i301 

-# obboi* 

17 .7v iH'0 

a 5»>gu J 

.?Q 

. ulf 855 



■02946 . 

-.01534 .... 

. . ..4 1)1152 


iB.laJUi) 

ftLllabbb 

.22942 

.•049/1 

-.00053 

-.37069 

.02861 

-.01809 

.1)1)909 

-0 bbbbt) 

] 6 • 0 > u Ij 0 u • 

« 61cj6 7 

.2491)8 

.04800 

-.00819 

-.58860 

. ,03160 _ 

r, 02063 _ 

,00572. 

— • bbbbO 

J §,9aU0‘J 

,63460 

.2. >739 

.04309 

-.01641 

— . , .)4 c }6i 

.0330 / 

-.0269,6 

.00149 

‘if/ 

1 9. 3)1/1. u 

» 64 bb^ 

.28309 

.u3U8e 

-902^69 

-.51239 


-.02034 .. 

r.a_UU346 

-.ba^bli 

.13.74600 .. 

...i(ijub7 

.29485 

• u2340 

-.03247 

-.51973 

. 1)3024 

-.01824 

-a 

— * bbbbO 

go.lutjuij 

• 67uuu 

.3. ,143 

.1/0905 


-.50449 

.UP5S7 


-» .il 44ft 

"0b.bb.bii 

af) . Sullitu 

j 

% 

.3, .178 

-. 40780, 

- .04383 

-.49937 

. o i 86y 

-.00905 


-.bbbbO 

2.).9o.i!iU 

« 6y ob / 


-.02588 

-. Q4JUQ 


a.UG.9././. 

=,00208... 

. -^1)24S6„ . . 

..r.bbbbL' . . 

Z1 S 3uiiUU. 

. .7100 0. 

.28419 

-,o440a 

-.04532 

-.49198 

-•U Uu6Z 

.006x9 

-.02813 

" • bhb.>U 

ZI 0 /uUOU 

0 7 2bb j 

.28002 

Uoi^7 

-,04103 ' . 

-,49462 

-,01232. 

,01536 ... 

-.U300& 

-• bbbbU 

Za. i jjuu 

a / bo b / 

.23234 

-.07640 

-.u3?y7 

3U205 

-.U246U 

• 0249 / 

-.02998 

~ 0 bbbbU 

2c. 0 SutJiiU 

« 75 juu 

„ | qQ44 

-.,:8733 


-.hi U?4 

- . 1 1 Aft 1 .4 

. ,1.3446 

-.023 49 

.".bb.ibU 



. 18324 

-.09270 

- « 0055{s 

-.bboTO 

-.04624 

, 04320 

-.02.237 

” 0 bb b b IJ 

a^#3uui'ij 

« 776b / 

.13554 

-.09238 

, 00833 

... - • b *+.559- 

. . -.03215 

ou468/ 

“« ji£>76 

-.bbbbU 

Z b a 6 J U \j u 

.784.6/ 

.11710 

-.08971 

.01844 

-.53633 

-.03506 

■ ; .0520/ 

-.61219 

bhbbfj 


, 7933 0 

«0QQ5Q 


.05 41 ? 


— „ lihk6£l 


-.88490 

-^^.bbbb.Q— 

» Qinii: J 

.ft.i.ili.l 

.08878 

-.07803 

.04027 

-ab 79Ub 

-.05761 

» o56f>t> 

uol 16 

-0 ibbbO 

. 2U«J'(U 

• ilj Ot> / 


— t uoQ Q3 

• 05L/4 

-,59059. 

1)5741 __ 

.65788 _ 

. . . .1)11321 

. r. bbbbll 

2 4 , 4 4 0 ,.p 0 

a b 1 b b j 


-.05733 

.06337 

-.60193 

-« 03569 

» ut>626 

• u I2uii 

-•bbbbn 

Z 0 b u < 1 * * U 

0 <3 cUUo 


- . 04349 

.07498 

-.61278 

-»Ub4bb_ 

. .. ,057/2 _ 

_,0l938 

. v/bbbii 

24.&40‘iU 

,dtub/ 

. u5864 

-.02733 

.1)3639 

-.62285 

-. U4792 

. u3ol 7 

.02702 

-.bbbbO 

Z b • u u u n 0 

« :jbbbb 

» u3497 

-.noftOn 

.09738 

tib 1 fiH 

-.041 73 

. osar.p 

. iib49u 

- i.Jbb-Jl! 

ZVa2.wUi'L> . 

_-..340ll0 

.u35i9 

.01150 

.10772 

63943 

-.03395 

.049/0 

.04291 

^bbbt) 

2 b * 4 j 0 u U 

e 6 hob / 

.03972 

,o3407 

.1171/ 

-.64531 

-.uaUbft . 

,04481 

. ,g5u94 

-•bbbbU 

25.6,oI'U 

aObbbj 

.04894 

.05855 

. j.2548 

6491b 

-.01358 

,03020 

• \j bSt>5 

" 0 bbbbU 

Zr^BuUhU 

» bouOu 

.08347 

• 0$419 

. 13236 

— 0 tj5u6>4 

-.UU1U4 

•03139 

o u6ubu 

.-,35530 .... 

26 »u ( ji>t.u 

# # io66 / 


100 



Table 8 (continued) 


F 

FP 

Fpp 

G 

,GP 

FPPP 

GPP 

HI 

ETA 

z/s 

.08266 

.mu, 

.13764 

— . b494/ 

.01299 

•U2113 

, U7373 

-.35530 

26.20000 

• e>7AAA 



. 14071 


.02841 

.01034 

. u Hu 3b 

-.35330 

2 . 6 « 0 k.U,U '2 

^a.Oo&u 

. 13833 

•lb/3i 

. 1.416/ 

-. t>3602 

•04609 

-•OUelUU 

,o8S2>J 

-•6665U 

? 6 . 6 C 0 o 0 

•bhob ( 

.17462 

• l955o 

•159rt0 

-.62724 

j.06287. 

5L,.ul594._ 

.09126 

-. 36330 .. 

.... ?6,5uuuU 

. ,89353 

•2l64y 

.22304 

.13509 

-.01262 

.06152 

-.03149 

• i>y5i3 

-.36630 

27.00000 

• VU JUU 

•26376 

.2493i 

.12710 

-.59459 

. ,10003 

-,u46bo 

,o9773 

-♦J 66 . 2 O 

27.2^000 

J(jd7 

.31608 

.27364 

• ii55i 

-• b7^4b 

.12052 

-• u674v 

. j9387 

-• 6 Dt>bO 

27. 4u jot) 

■ 91553 




-.546311 

. 140^7 

-.06792 

. .,48411 

-.o'o'oO.'J 

27.6^1! uu 

.JOOUg, _ 


.31330 

•08024 

-.6163/ 

.15976 

-,io09u 

.ii9620 

-• 666 -*>U 


•9dbb / 

•49607 


.05593 

-,4«26l 

.17063 

- . 75337 

.09215 

-. <65.50 

2®.0 ! JO on 

.43533 



.0288.1 

-.444 98 

,l985n 

-.15«I0 

.08623 

-•. Vj‘/1u 

28. 2 u>l"!i 

.94 / 03 

.63181 

.337-to 

-.oo74<; 

-.40401 

,2129V 


,07644 

-•bbb.i 0 

d8* tuiKi f ) 

f / 


.3341? 

' — • u365f> 

-.37120 

.2242m 

-.20426 

.07144 

— • J'l 


.9516/ 


.3294 / 

-.05765 

-.04643 

• ?3il4 

~. 2 ivas_ 

.06628 


2.8.651619 

.JSSilo 



-.UBOlii 

-.32499 

.23749 

-.2^3.52 

. 06076 

-.bbbiO 

28.75000 

. 95633 

•779PM 

.■31340 

-. 10396 

-.30095 

.24320 

-.44519 

, u5496 

-•Abb M) 

28.35000 

.9616 / 


it3o l7u 

12916 

-.27635 

.24847 

-.25879 

.u 1/889 


20.9501.0 

.46500 

. Mon 

.22753 

-. i5>57 i 

-.25)27 

.25305 

-.27221 

,o62(S7 _ 

-•Abt>*0 

£9,g50uO 

,76353 

•86807 

.27057 

13559 

-.22376 

.25/00 

-.2a53l 

. i,3G38 

— • Abb AO 

2 * • iSUL-U 

.9716/ 


a ?5u?6 

-.2127? 

Ls)Ot»y 

.26033 

-.29745’ 

. ii3Gl4 

-.23)430 

^ ^ . jZSu llul 

.92500 

.91812 

.22793 

"••24318 

-.17372 

.26304 

-.30995 

.02405 

-.AbboO 

2 5.35ul0 

.9 /a 33 

•939C6 

.20209 

-.2 74/2 

-.14731 

.26515 

.->37111 . 

... .0 182.7 

. -.55330 

27.45000 


•9664v 

. 1730 o 

-.50734 

-.12071 

.26671 

-.33121 

' . u 12^6 

-.35550 

?V*5Sl>i.U 


.9/414 

. 14050 


-.uv3?b 

.26-7 7o 

-.33990 . 

,(j083u 

.... -.35350 

i'v.^Su'.iu . 

• 3 V 

•V86h4 

. 10479 

-.37526 

-.06717 

.26839 

-•347Gb 

. o<)447 

-.36530 

2v.75'->l>o 

•99ib/ 


• 0B552. 

-.41020 

-.(14031 

. • 2bSo9 


. ,oR17(l' 

-..13650 

?9.gSnt(U 

.99500 

. 9 9943 

.02273 

-• 445<W 

-.01544 

.26877 

-.35494 

. uil 

-.AbbJO 

29.95000 
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TABLE 9 


S = 30 
System 3 


F 

Fp 

FPP 

G 

GP 

FHPP 

GPP 

H2 



WALL *00000 

* UtJooU 

•oaobi 

s^-^T^WmTTTiTil 



1 Ini i 

ilr!TiTiTiww% 











E'l A poS 

FKmCT Z/s 

bisk .notion 

.noooo 

-.23001 

. ooouo 

.04123 

. 20620 

...... .ooouo 

.... -.10314 

_ . 00 O 00 . 

.OOOUO 

-•001 1 £ 

-.02198 

-.20 975 

. un4u5 

» 1)391)9 

.19934 

-.U4103 

-.10314 

• iuuuo 

•00333 

0 0433 

-.04197 

-, 19007 

.00770 

.03333 ..... 

. .19469 

-.0/259 

— — » 1 U314 

I^UJUU 

. GOou / 

-.00944 

-.OSOOi 

-.17078 

.01063 

.02486 

.19105 

1*9542 

-.10314 

• OollOU 

.01000 

-.01627 

-. ft76i5 



.111451 



-.10314 

- 


-.0Z461 

-.09034 

-.13267 

.01349 

.00303 

.10949 

-.11823 

-.10314 

• 0 JOuU 

.Ulob7 

-.03427 

-.10266 

-.11375 

•U132U _ 

-•UU093 

.10684 

-.12004 

-•10314.- 

-oOUUU _ 

.a O2J0O. 

-.04508 

-.11310 

-.0949a 

.01171 

-.02081 

.16705 

-.11678 

-.10314 

. /uuoo 

.02335 

-.05683 

-.12163 

-.07621 

•00965 

j^»U3215_ 

.168 u3_ 

-.10947 

-.10314-. 

o€uU 0 U. 


- . 06935 

-. 10835' 

— e uS7?4 

.00531 

-.04260 

.18304 

-.09911 

-.10314 

.90000 

. u3J0u 

-.00244 

— • i 33?i 

-.03965 

• 0 0057 

-.05191 

. i7bS5 

-.08864 

-.10314 

1 .0-JpuO 

* 1 ) 333-> 

-.09593 

-.136'3u 

-. u22u9 

- • Ui)5if3 

-.05909 

.1/240 

-.07290 

-.10314 

l.iuOOO 

. (J3ub f 

-.10964 

-.13785 

-• u0523 

-.01136 ..... 

_ -.U&647 

.. .16452 . 

-.05804 ... 

-• Iu3x4- 

1.2U0O0 . 

_. ..040UO — 

-.12340 

-.1373 r 

. u i 076 

-.01828 ~ 

-• l)7if>2 

.15494 

-.04447 

-.10314 

1 .3U00U 

.04333 

-.13768 

-.13554 

.02571 

..-•02564 

.07530 

__ .0.4300. 

r . U3G66 ... 

... -.10314 

. . 1.4O00U 

•G4ob7 

-.1 5046 

-• i 3227 

•u394/ 

-.03331 

-.07782 

. i313o 

-.01819 

-.10314 

i .SuOUO 

.05000 

-.1 7, 5 96 

-.12103 


- . 049110 

-.07920 

. 1 1130*9 

.fins* 4 

-.10314 

1 .TuOUL) 

T [) Sm*> 7 

-.19696 

-.10747 

.00064 

-.116474 

-.07677 

.07317 

.01991 

-.10314 

1 .^UOUO 

.00533 

-.21875 


• u922 / 

-*.u7yci 

-.0715(1 



-.lli314 

2 . iUOlll) 


-.23480 

-.u?094 

.09815 

-.0932b 

-.06456 

.01587 

.03834 

-.10314 

2.3oU0Q 

• 07oo7 

-•24709 

-.u5ia8 


tO<52»b 


-.00801 

*11*1226 

—-•10314- 

... 2. 5000(1 

_.U8333.. 

-.>.5536 

-• o3i69 

. jy52’3 

-.11579 

-.04701 

-.02752 

.04390 

-.10314 

2.70000 

•09U0U 

-•25954 ... 


*ueaiii 

-.12447 

-.03900 

-.1.4242 

.U439.9 .. 

-.10314 

2.90000 

«Q9uu/ - 


-.26079 .u(i34i .u7856 -.131411 -.03020 -.00293 .O43T0 3 -.10514 3.1ot)00 .10330 

- . 258 r >l .0100.1 .06720 -„.1366<1 0.21153 -.03.951 *y4J,33 _r_._lU314 O.ouOuu .11000 

-.25370 .03025 .05490 -.l4ol5 -.01378 -.06276 .03906 -.10314 3.50000 .ilob7 

-.24666 .03996 -u4233 -*1^21$ -«UU 624 -,u603b *03630 -.103 1A 3..70UQU. *12A3A_ 


Table 9 (continued) 


F FP 


-.23792 

z^zzjyl- 

~,?.i isa 

-,,*2464 i 

“i-i.95 07 
-.18550 

-.1762 b 

-.18828 . 

if 1 18 

i5697 

15481 
IdSiW"' 
-.15536 
-.15957 
i75t>i 
-•8UZ91 
-. 26.102 
-.-2i4fiU 
- * 

- » m5t:o 
-•4fWi,3b 
-.5A**£t» 

- »7?6<G * 

- . 

as i ■» b 
-•asi&o 

-«cU7ktt. 
•.74o9n 
-.82981/ 
-.45394 
-.231/44 
.0961.1 
.37X5/1 
. 7 4 ty 0 5_ 
& . 136o 7 
1 .514X9 
1 .93961 
i. 87b 11 
8 .50041 
2.77477 
8.m61b 
y . i 'a r»4i 
2 .59001/ 

2.87t>bi 

1 ,8/023 
j ,43bt/9 
1 .U'lMbb 

. hbl/17 

,39n2M 

,264t2 

.84001 

.,28989 


. 04/ lib 

,-05J liii __ 

. 0 S/429 
• 1/S445 
• 052o 7 

, 04/194 

.04344 

«U35b5 

. 02&3O 

,01844 

. 001=50 
-.00275 .... 
-.01471 

. 0 2 71. X _ ___ 

-. 0b9u3 

-.B&153 

-.lofcab 

-.13466 

-.10757 

- .17601 

-.LbHjSx 

-.19211 

-. IB 194 
■pi 17076 
-. ll/l'/Z 
-. 090 7b 
-.,u.3S9u 
.03931 
. 13185 
.23979 
.36093 

,99131 

. 62.576 

_ ,15534 _ 

' .87171 

.9^177 

1.01387 

1.0 1 431 

.95186 
.6l6i9 
,60976 
.33121 .._ 
• 0167 h 

— «CHbha 



— 1 * G 7 d~?\ 

-1.10693 

-l .G02«dV 

jJuZflLte 

-« 4 

*a /bbn 
»U49t>4 

» liiObo 


FPP 

G 

GP 

FPPP 

GPP 

HI 

ETA 

z/s 

• U297 7 

I4atjv 

.00071 

- * udl v4 

• 0 33>i 1 

-.10314 

3.VW0U0 

• I3J00 


J 41V1 

. *0064.4 

-.o59uu.... 

i> uZVbl ... 

-.10314 

^ . 1 uililU 

^JLiuoi 

•U0b20 

-.13995 

•01249 

-,0552b 

.02554 

-•10314 

4.30m 0 

• 14333 

*UU44b 

-.13641 

.01 / 1 7 

-.05094 

.UZi.24. 

-.10314 

4.S0000 ... 

• IbUUu 


-.13314 

* U2U Vb 

-• 0 4 b 3 7 

,0l66b 

-.10314 

4.70000 

• lbob J 

.pepyp 

-.1866b 

.U?382 _ 

-.041 /V 

,01167 

-. tub 14 

.4,9JOO:U--_ 

a lo33o __ 

•U30HV 

-,123bB 

.02.570 

-.03734 

,uu694 

— * 1 0 3 1 4 

5. loOOO 

a 170Uu 


-.1 1A43 

. 02694 

-.1,331 1 

. U0194 — 

-.11121.4 

5.3uH,iO 

iHct// 

.0441b 

-.11,311 

.08640 

- , 0"2 9 1 4 

-.00307 

-.10314 

b. 50000 

, 1.8333 

•U4VbU 

1 U7V1 

.02537 

- . u2.5"42 

-.00802 

-. 10314 

...5 .7jO,UO_. 

,1900o._ 

.05433 

-.10303 

.02320 

-.02192 

-.,0128b 

-.10314 

5.40000 

. 19ub 7 




-•oiuSy 

— « u 1754 

-.10314 

.-6.1uUU0_ 

.20333.. 

.06171 

-.04500 

.01620 

-.01537 

-.02197 

1 0314 

6 • 3o iMJU 

.21000 

. 0&4b3 

-.09221 

.1)1147 

-.012-19 

-.02617 

-.10314 

b.5uU00_ 

« 2 lob 7 

.u6,H18 


-.00054 

-, Uu570 

!J 33 b 5 

-.10314 

6.90000 

• «d 3 U U 0 

.o6902 

- « UV3liO 

-.01526 

.U0134 

-.03971 

-.10314 

7.30000 . 

,24o3b . 

. 06644 

uia*i 

-.03200 

.00^22 

— • 04lOM 

-.10314 

7.7U000 

• 23ob / 

'. u6 151 

-.jiaob 

-.05027 

_ .UlBu7 

-.U4652 . 

-.11)314 .... 

. e.iouuo 

,2 7000 * 

'.U5v3p 

-. 14.210 

-.UbVUU 

*. 02? 84 

-.04674 

-.10314 

a.sooou 

.28333 

8ffEnff!H 



, U3B35 

-.04448 

-.1 0314 

H « 9 j 1 1 i j 0 

«24apf ... 

>*u2lb2 

-.218750 

-.10482 

,04934 

-.u3448 

-.10314 

9 ,30000 

.31000 

• U1JQ34 


-,'110bP 

. uf-,046 

-.03149 

-.10314 

4.70000.. 

.32333 . 


-.30660 

-.12400 

. 07140 

-.02034 

10314 

lu.luUiH) 

• 33ob / 


-.35955 

-.13435 

.061 6/1 

-.00591 

-. UIJ14 

1,1.500110 

.35000 

. i/5 198 


-.13386 

,0907a 

,oli-B3 

-.10314 

lu..-9o000 

« 3u333 

„ l ^97 d 

-.46514 

-.12446 

,.U9£U1_ 

. 03^81 



^37uo7 

*i6?9b 

-.5*1 lub 

-.JLUbb4 

.10236 

•U5S79 

-•10314 

U.7bO«U 

• 3 VO Go 

.21110 

-.54910 

-.078f»Q 

. iuxb/l 

. oa'53 7 

-.10314 _ . 

.3 8 * igOUO 

,.40 33.3 ._ 

.25183 

• -.5/3ib 

-.03964 

,UVb5»2 

. llifib 

-.10314 

12.50000 

• 41 06 7 

. 2875V 

-.5/930 

.01093 

* Ud340 

,1412b 

-.10314 

12.90000_. 

•430UJ 

• 3 1 66 1 

-a 5628? 

,07324 

, uS?83 

,17010 

-.10314 

13.30000 

.44333 

•355B4 

-.51921 

,14660 

. o24 la 

. 19647 

-.10314 

13.70000 

«4bo67 


-.44421 

.22976 

-.02496 

,2178b 

-.10314 

1 4 , 1 U 0 0 0 

.47000 

«3i2iJ4 

-. 33440 

•31S9U 

- , u87 7 7 

•2312b 

-. 1 03 1 4 

14.SOU0O 

. 46339 . 

• 26232, 

-» IH785 

,413X5 

-.162S4 

.23320 

-.10314 

ll.J)ull'IO 

•4Voo / 

.18343 

-.00413 

*-5u4b7 

-,23£76 

,22055 

-. 10314 

. 15*3uU<lO 

aOluUy _ 

♦ u7l iS 

.21460 

« Sm / 3b 

-.32360 

.19027 

-.10314 

lb. 70000 

.52339 

•• ,11396 

.41)363 

.6541,1 

-.39693 

, J 3993 

-.10314 

16. lUOUO _ 

. 5300.7 


.73470 

.69647 

-.41910 

.U683V 

-.10014 

lb. 30000 

« 5‘jouu 


1.01644 

. 70819 

-.459n 

-.0^3ira 

- . 1 (J 3 1 4 

ld*VU0OU.„ 

e 


1 .24429 

.67597 

-,414t,1 

-.12493 

-•10314 

17 • 3 U 0 8 U 

« i>7ob / 

•« 75UHV 

1.50125 

.40116 

t 

-.24458 

-.10314 

r/.7uuoo 

a b90u J 

-.83V6 / 

1.76912 

.48074 

Xil/vb 

-,355Eb 

-.10314 

I8.IU1H1U 

• bi'333 


1.43027 

.“31b 7b 

. KlBoO 

—• 449V i 

-.10314 

l«. boot, 0 

• blub? 

-.75oo / 

2. U I960 

. 12514 

,37247 

— , 51156 

-.10314 

lo. 4.1000 

*o30U0 


2.0262b 

-.08424 

• &2boG 

-.52643 

-.10314 

ly.Suono 

.b4339 

-* 2559V 

1.95318 

-.20039 

•bibiU 

-.48482 

-.10314 

14, 7,/OtO 

«obob / 

iU8V21 

1.80142 

-.46353 

•b684o 

-.38171 

-. 1 0 3 1 4 

peuiuuuu 

_ . « o700U 


1 , 52931 

-• 5nb7o 

.77433 

-.22667 

-.10314 

20 .500110 

« bG3ib 





-,03976 

-.20315 

_23U3tiiUlilL. 

tuiuni 

•7&7U4 

1 ,U8703 

— « 61 bb4 

, 02142 

,1456b 

-• 10314 

21.3U000 

® 7 lOOu 





.«dHVU4 

-.10314 

21.7uOuO 

0 / 

a 3v474 

bbbVOb 

-0 39840 

-,951bb 

*,35o*2>i 

-© 10314 

22.10UOU 

, 7 bob 7 

-,03702 

,b_3 727 . 

. -,2b3b7., . 

-l_ a l4940_ 

>3u53a 

-,111314 . 

2 2., bo 0.00 

. 75000 _ 
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Table 9 (continued) 


F FP FPP G GP PPPP GPP HI ETA Z/S 


.32382 

•0198u 

-.66833 

,453uU 

-.16745 

-.92313 

.16115 

-.10314 

22.9UUU0 

.76333 


244? 

-.761. *6 

- 3<M&1 

1 (1 1 htt 

-. , 4295 


1 11 A 1 4 


.77667 

» 1 8 7 4 6 

-.62791. 

-.GOS7h 

.3678u 

— • 17160 

.83662 

-.15676 

-.10314 

23.6uiK)0 

. 78667 


-.52707 

-.35760 

.31003 

-.20764 

1.6695b 

-.19024 

-.1,1314 

23.8U UOO 

. 79j3j 

-.f.lfeSO 

-.55895 

.07059 

.26652 

-•2471U 

1.67639 

-.18581 

-.ludl4 

24.uUUIU) 

• dOOOU 

-.i 2 ?oa 

-»5i.33jL_ 


.211 7b 

-.27A.S2 

L. .03 5/io 

-- i.2UU7 

-.-Ui.414 

_ 



-.62569 

• 50'j4*» 

. 1 5622 

-.29626 

.62e31 

-.03737 

-.ll»dl4 

2") . 7) 0 u u u 

.61333 

-.29011 

-.31980 

.562211 

.09518 

-.29343 

,u2uoo 

.04414 

... ** • 1 U b 1 '* 

24 .6\jQuO 

.62000 

-.34930 

-.21289 

• 5iyt)5 

.03786 

-.27765 

-.22914 

.111*74 

-.10314 

24.8UUO0 

• d2ot> 7 

-.38186 

-. 1 i67u 

.65857 

-.01506 

-.25u01 _ 

-.356*72 

l6o3o„ 

.r. 10314 . . 

?b.0ouno _ 

_ .03333 _ 

-.39ni3 

- • u 3 u 5 y 

.38106 

— • U6l63 

-.21476 

-.6o52l 

.1892b 

-.10314 

2 $« 2 uiH -0 

• d4uUU 

-.39517 



-.101)69 

-.1754H 


. 21)0 7 7 

lllA14 _ 

?S.4uiiiiu 


-.38219 

.U3970 

.22390 

-.13177 

-.13536 

-• 36UU6 

.19836 

-. 1U314 

25.61)000 

.63333 

-.38022 

.12767 

.15692 

-.15696 

-•119o80 

-.30B46 

. .18568. 

-.10314 

25. SJUUU. 

-.86000 

-.33196 

.15325 

. iu*J 6 rt 

-.17071 

-.06144 

-.25414 

.16694 

-.10314 

26.00)101) 

• dOu 6 / 

-.2996u 

.16865 


-.17980 

- • 0*31125 

-.20580 

.A44l54_ 

-.10314 

26 * 2 UUL.U 

.87359 

-.26502 

.17583 

.ulf)76 

-.18312 

-.01)370 

-.16029 

.i 2 t)y«> 

-.10514 

?6.4o')i)0 

. 86 ouo 

-.2232? 

.17667 

-.IILI9A6 

-.18159 


-.125-113 

-i)97 112 

-.1HA14 


. 6 h.,r,/ 

-. 19689 

. 1 72 *4 

-.03179 

-.17615 

.03552 

-.09747 

.07612 

-.10514 

26 . 60 U 0 U 

.39330 

-.1009', 

a i64£o 

-.u63ij8 

-.16760 

... . _. .04874 

-.07639 

•o564^ 

—.10.514 . 

27 • UUUUJ 

.9001)0 — 

-.12918 

. l5J05 

-.u6267 

-.15690 

.05625 

— • u602b 

. i)39ui 

-.10514 

2 / . 2 uOuO 

• yuob / 



-.o736 1 




j0239u_ 

-.10514 

27.4uU0Q 


-.u735i'> 

.i£386 

-.08180 

-.13129 

.06796 

-•u36tSi 

.01106 

-.10314 

27 * 6 uu 00 

.y^uoo 

-•i<5o4§ 

IHITl M 


-.1175b 

•U&9U7 

-.U 2 b 2 «i 

.11(11141 

-.10514 _ 

2 7. 8 ll,)|)|) 


-..15689 

.03975 

- • U9226 

-.10379 

. U6627 

-• ul5i,l 

-.00612 

-.10514 

2fl.uu'JU0 


— • oiS’j u 

. u 7 u 0 0 

— . u94u2 

-.091)34 

.06597, 

-.1)1)2.79 

-.01457 

-.10314 

_ 2 t!. 20001 ) 

.94o0o , 

-•uu ZQ(y 

• o5l33 

-.09298 

-.11 7767 

.06258 

• ui $± 1 

-.0109b 

-.10314 

20.4UUUU 

. 94bb 7 



-. o9nul 

-.06A31 

. JR957 

«U26?9_ 

-_.u 2 u.t: 8 ._ 

— . 1U514 . 

26.3SUUIL- 


• (Hi? 1 i 

« j/£<J 1 2 

-.08683 

-. 06260 . 

• U57M5 

.U37o5 

-,02l5u 

-.10314 

28.65000 

•9bD0o 

. ,) .956 

.02025 


-.1)5682 

•u55?y 

. u4£2o 

-.u2l61 

-.10314 

26.7.5oi)U. ... 


. uli$ 

.<U?23 

— .U7719 

-.05160 

.06314 

.06047 

-.02122 

-. 1U314 

20.83000 

.9t'lb7 

. Oi? 63 

. Uu4S6 

-.o7a65 

-.04619 

• u b 1 Oh 

.0 7563 

-.02033 

-.10514 

28.93,100 _ 

*9odOu 


- • 0 U 1 7 5 

— • 0 623!? 

-•04114 

.04969' 

•u8767 

-.01899 

-.10314 

2y • ObOUU 



-.co /57 


-.03637 

.04/28 

_ji.u2.50 

-.01722 

-.10314 . 

29, iSooU.. _ 

...97167 , 

• 'i 1 C)7*».. 

-.1.1232 

— • u4.i h7 

-.031 n 

.04566 

.11793 

-.U1511 

-.10314 

29.2Sm o . 

.97300 

•uo928 

— . ij 1589 

-.02929 

-.02723 

.04427 

.13370 

-.01271 

-.10314 

29.33000 

.57939 

« (»’j7'56 

-.UJ.B 12 

-.oiSl3 

-.02286 

• U4312 

. 14943 

-.01014 

-.10314 

29.931)00 

.9016/ 

.0w570 

— • 0 18£b 

• uu.iSS 

-.01859 

.04224 

• ib4oo 

- f_y u TSs 

-.10314 

29. 55 Opt) 

.yoDUu 

• /)u38r> 

-.oi7yc 

.01777 

-.0164U 

.04162 

.17876 

— • UU502 

-.10314 

29,63000 

.96b3o 

. uu2 17 

-.UA52t> 

. 1)362 / 

-.01020 

■ .04123 

. 15094 

-,U02R1 

-.10314 

2y .76000 

.99167. 

a li U 086 

-.0106/ 

e 

-.U0615 

.04104 

.20025 

-.Oulil 

-.10314 

29.85000 

•yyoOo 

. i 8 dl> i <91 

-.116607 

.7)78211 

-.1111205 

.n^nyfl 

.2o555 

-.01)013 

-.11)314 

2 y»ybaLU- 

^99659 
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TABLE 10 


Different Order Contributions to Shear Stresses for S «= 1.0 


DISK 


r 

rF" 

o 

17 *1 

F l/r 

F 2 "/r 3 X 10 6 

rG' 

o 

G' . 
1/r 

G 2 */r 3 X 10 8 

100 

10.041 

.0599 

- .1751 

- 100.398 

- .00599 " 

.053 

200 

20.082 

.0299 

- .0218 

- 200.796 

- .00299 

.007 

300 

30.123 

.0199 

- .0065 

- 301.194 

- .00199 

.002 

400 

40.164 

.0149 

- .0027 

- 401.59 

- .0149 

.0008 

500 

50.205 

.0119 

- .0014 

- 501.99 

- .00119 

.0004 


WALL 

100 

6.622 

- .0601 

.1751 

- 099.83 

.00399 

.053 

200 

13.242 

- .0301 

.0218 

- 199.66 

.00199 

.007 

300 

19.866 

- .020 

.0065 

- 299.69 

.00133 

.002 

400 

26.488 

- .015 

.0027 

- 399.32 

.00100 

.0008 

500 

33.110 

- .012 

.0014 

- 499.15 

.00080 

.0004 
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TABLE 11 


L'ibutions to Shear Stresses for S = 17,, 15 


F 2 !! /r 3 XIO 6 

rG’ 

0 

G |/r 

3 8 

G ? 7r X10 

- *2232 

- 52*033 

- .00316 

2.131 

- .0275 

-104.065 

- *00158 

0,266 

- .0033 

mm 

- .00105 

0*0789 

- *0035 

-208.130 

- ,00783 

0.0333 

- .0018 

-260.163 

- *00063 

0.0171 


Bi 

- 13.93 

.00259 

2,131 

.01474 

- 27.86 

.00129 

0.266 

*00437 

- 41.79 


0,0789 

*00184 

- 55.72 

.00065 

0.0333 

« 00094 

. 

- 69.65 

mm 

0.0171 


7 
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TABLE 12 


Different Order Contributions to Shear Stresses for S 
DISK 


r 

rF" 

o 

/r 

rG' 

0 

100 

47.2492 

.0015173 

- 52.4053 

200 

94.4984 

.0007583 

- 104.8105 

300 

141.7476 

.0005058 

- 157.2158 

400 

188.9968 

.0003793 

- 209.621 

500 

236.242 

.0003035 

- 262.026 


WALL 


100 

16.5344 

-.004634 

- 13.5665 

200 

33.0688 

-.002317 

- 27.1329 

300 

49.6033 

-.001545 

- 40.6994 

400 

66.1377 

-.001159 

- 54.2658 

500 

82.6721 

-.000927 

- 67.8323 


003186 


.001593 

.001062 

.000797 

.000637 


.002688 

.001344 

.000896 

.000672 


0005376 
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TABLE 13 


Different Order Contributions to Pressure Distribution for S « 1.0 
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TABLE 15 

Different Order Contributions to Pressure Distribution 

for S - 30,0 
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